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 1
General introduction
Colorectal cancer, or cancer of the large bowel, is the third most common cancer 
worldwide with approximately 1.4 million new patients each year and almost half of 
these patients are expected to die of their disease1. In the Netherlands, there are 13,000 
new patients with colorectal cancer a year and 4000 deaths caused by this cancer 
annually2. In the US, the disease accounts for 135,000 new patients and around 50,000 
deaths on a yearly basis3. One in three patients diagnosed with colorectal cancer have 
rectal cancer. Ninety percent of patients diagnosed with colorectal cancer are aged 55 
or older2, although there is an increasing number of patients diagnosed with rectal can-
cer under the age of 50. Men and women are equally affected by this disease.

Colorectal cancer is the collective term for cancer of the colon and cancer of the rec-
tum. The rectum, functioning as a temporary feces storage site, is the direct continuum 
of the colon. The point of transition between colon and rectum varies widely in litera-
ture. Because of the anatomic similarity and registration difficulties, mainly due to the 
debatable border, initially cancers of the colon and rectum were combined. However, 
colon and rectal cancer of differ in many aspects including, stage dependent progno-
sis4, metastatic patterns5, and treatment strategies and susceptibility2,6. Because of these 
differences, colon and rectal cancer have been separated over the last 10-20 years and 
this thesis focuses solely on clinical outcomes in patients with surgically treated rectal 
cancer.

The management of patients with rectal cancer can be divided into several main com-
ponents; diagnosis and staging, (neo)adjuvant therapy, surgical resection, pathologic 
assessment, and follow-up. Each of these components will be addressed in this thesis. 
While there is no distinct section dedicated to (neo)adjuvant therapy, aspects of (neo)
adjuvant treatment will be discussed throughout.

The research demonstrated in this thesis was performed in a tertiary care hospital in 
Boston, Massachusetts, USA. The author of this thesis attended medical school at the 

Vrije Universiteit in Amsterdam, the Netherlands, and is engaged in a surgical practice 
in the Netherlands. Therefore, data and findings presented in the introduction(s) and 

general discussion will often compare American and Dutch practices.
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Diagnosis and staging of rectal cancer
 
Rectal cancer can be detected symptomatically or by screening. Symptoms of rectal 
cancer can include blood loss per anum, changes in stool caliber, changes in bowel 
habits, anal pain, or a continuous urge to defecate. Sixty-eight to ninety-three percent 
of patients are detected because of symptoms7,8  and the remaining group is diagnosed 
incidentally or through screening; however, this ratio is changing as more patients are 
diagnosed via screening colonoscopy. Screening for colorectal cancer has been asso-
ciated with lower disease stage at presentation9. Screening works well due to the fact 
that the growth rate of colorectal cancer is very slow; the adenoma to invasive carci-
noma-sequence may take over 5 years10,11. Colorectal cancer screening is designed for 
specific age - or risk groups and screening programs differ between different countries.

In the Netherlands, the colorectal cancer screening program commenced in 2014 
and current guidelines call for screening in men and women between 55 and 75 years 
of age. Every 2 years patients perform a fecal occult blood test (FOBT) or a fecal immu-
nochemical test (FIT) at home; if test results are positive, then they receive a colonos-
copy. In 2016, 1.06 million of the 1.46 million invitees participated in the screening 
program in the Netherlands12 .

In the United States screening started in 200113 and the government recommends 
screening for men and women aged 50 or older*, either by performing a screening 
colonoscopy or a FIT/FOBT. Over 60 percent of Americans aged 50 or older have not 
utilized any screening method for colorectal cancer. (* There are some groups in the 
USA who recently lowered their screening age to 45y.) 
 
Detection of a rectal adenocarcinoma, found by either symptoms or screening, is fol-
lowed by imaging to assess the depth of tumor invasion, the spread to local and distant 
lymph nodes, and whether there is dissemination to other organs. There are three main 
imaging modalities used to stage a rectal cancer: ultrasound, CT-scan, and MRI-scan. 
Endorectal ultrasound is used to determine the local tumor invasion and lymph node 
involvement, and transabdominal ultrasound is used to detect liver metastases. CT- and 
MRI-scanning are both used to determine depth of tumor invasion; however, as CT is 
not as detailed as MRI, CT is only used to determine the invasion into perirectal tissues. 
CT is also used to screen the thorax and abdomen for metastases, while an MRI is often 
used to get a more detailed image of the suspect lesions. 

The above-mentioned imaging studies provide the information needed for clinical 
staging. Clinical (and pathologic) staging of rectal cancer is most often performed using 
the TNM-classification. It is written by the American Joint Committee on Cancer (AJCC) 
and denotes the tumor (T), node (N), and metastasis (M) characteristics of the cancer. 
The T-stage is based on depth of tumor invasion into or through the rectal wall/perirectal 
tissues, ranging from Tis (tumor in situ), a precancerous lesion, to T4b, a tumor invad-
ing into another organ. The N-stage denotes the number of tumor positive lymph nodes 
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within certain ranges, with the exception of stage N1c that indicates tumor deposits 
beyond the rectal wall without lymphatic disease. The M-stage illustrates the level of 
distant metastases, including dissemination to other organs and distant lymphatic in-
volvement (i.e. lymph nodes beyond the first lymph node stations draining the rectum). 
Rectal cancer is believed to be curable in patients with no or local spread to lymph 
nodes, or patients with metastasis in either the lung or the liver. Cure is only possible 
in patients with a limited number of metastases, which are located in areas that can be 
surgically removed; all other metastatic disease is currently believed to be incurable.

Stadium Tumor characteristics

Stage I T1-T2 N0 M0

Stage II T3-T4 N0 M0

Stage III T1-T4 N1-N2 M0

Stage IV T1-T4 N1-N2 M1
Table. Staging of rectal cancer according to the AJCC, eighth edition.

Using clinical staging, a multidisciplinary team, consisting of at least a medical 
oncologist, a radiotherapist/ radiation oncologist, radiologist, pathologist, and a sur-
geon discuss the best available treatment for each patient.  Interestingly, the recom-
mendations for neoadjuvant and adjuvant  treatment of rectal cancer differ between 
the Netherlands and the USA. While short course radiotherapy, as introduced by the 
Swedish trial14, is common practice in the Netherlands, the USA has been reluctant to 
implement it because of potentially increased postoperative morbidity and lack of data 
demonstrating improvement of overall survival6. Furthermore, the USA recommends ad-
juvant therapy for all patients with clinically locally advanced cancer, while the Nether-
lands does not recommend adjuvant therapy for any patient with rectal cancer, as they 
believe there is no solid evidence of benefit. Additionally, there is now a push in the 
U.S. for ‘total neoadjuvant treatment (TNT), where chemotherapy is followed by chemo/
radiation all done pre-operatively in advanced tumors (see General discussion).
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Surgery for rectal cancer

Surgery is one of the main elements of the multimodal treatment of rectal cancer, 
either preceded by neoadjuvant (chemo)radiotherapy or as a first step, although there 
is an upcoming discussion on whether surgery is still necessary in patients who have a 
complete remission after neoadjuvant therapy. In this introduction, the history of rectal 
cancer surgery and how this evolved into the current practice will be discussed.

In 1826, the French surgeon Jacques Lisfranq was the first to per-
form a surgical resection for rectal cancer, using a perineal ap-
proach15. These resections were associated with severe disruption of 
the pelvic floor and difficult wound complications. Surgeons then 
realized that preservation of the distal rectum and the anus could 
prevent significant morbidity and mortality. 

The first resection using an abdominal approach 
leaving the distal rectum and the anus in situ 
dates to roughly fifty years later, when the Austri-
an surgeon Karl Gussenbauer performed an open abdominal resec-
tion of a proximal rectal tumor in 187916. Henri Hartmann, a French 
surgeon, popularized this procedure; a resection 
of a proximal rectum/sigmoid tumor together 

with closure of the remaining rectum stump and 
the creation of a colostomy is presently called a 
Hartmann procedure17. 

German surgeon Vincent Czerny was the first to perform a com-
bined abdomino-perineal resection in 188418. William Ernest Miles, 
surgeon at the Royal Cancer Hospital in England, hypothesized that 

the high local recurrence rate after the procedure 
could be caused by insufficient resection margins, so he described the 
abdomino-perineal resection by including a wide cylindrical excision 
to include the surrounding lymph nodes in the 
resection specimen, which he published in 190718.

 Up to the early 1900’s, a resection of a rectal can-
cer was always accompanied by the creation of a 
colostomy. In 1910, the Canadian surgeon Donald 

Balfour (1882-1963) described his first attempt to 
establish an end-to-end anastomosis of the two ends of bowel after 
resection of the tumor19. However, due to high anastomotic leakage 
rates and the new belief that leaving a part of the distal rectum 

Jacques Lisfranc 
(1787 – 1847)

Karl Gussenbauer  
(1842–1903)

Henri Hartmann 
(1860-1952)

Vincent Czerny 
(1842-1916)

William Ernest Miles 
(1869-1947)
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behind was not oncologically safe, the idea of performing an anastomo-
sis became unpopular for many years. Thanks to the research performed 
by Dukes (a pathologist) and Goligher (a surgeon), it became clear that 
downward spread of cancer occurred only in a minority of the pa-
tients16,20. Since that time, abdominal resections be-
came more common and options to optimize the 
anastomosis were explored. One of the major break-
throughs in the search for a durable anastomosis oc-
curred in the 1950s when American surgeon Mark 

Ravitch brought a bowel stapler device designed in USSR to the Unit-
ed States which was based on the principles of a prototype built in 
1908 by the Hungarian surgeon Humor. Ravitch made some adjust-

ments, such as the ability to perform a double circular 
staple row and introduced the device to an entrepre-
neur, who brought it to the market21.

High recurrence rates of rectal cancer in up to 40 percent of the 
cases22 remained a major concern for almost a century after the first 
surgeries for rectal cancer. In 1982, Bill (RJ) Heald, an English sur-
geon, introduced a new concept based on anatomical 

studies.  He concluded that distal spread is, at least 
initially, confined to the tissue in the mesorectum and that lymphatic 
spread within the mesorectum was the most important cause of local 
recurrence. RJ Heald described a way to improve local recurrence rates 
by removing the complete mesorectum surrounding the rectum, the 
so-called total mesorectal excision. This resulted in the improvement of 
5-year disease free survival from 50% to 80% and local recurrence rate 
dropped to 5%23,24. Because of the remarkably good results, there was some skepticism 

regarding Heald’s publication. Subsequently, the Canadian surgeon 
John MacFarlane decided to validate Heald’s data, methods, and out-
comes, and reported even slightly better results25. The total mesorectal 
excision was quickly adopted as the gold standard for rectal cancer 
surgery. 

After centuries of open surgery, less invasive options were introduced. 
Laparoscopic surgery was proven to be oncologically safe and a less 

invasive alternative for an open resection for colon cancer in 2007 and 
research regarding laparoscopic resections for rectal cancer quickly followed. Several 
randomized controlled trials demonstrated long term outcomes noninferior to those of 
patients treated with an open approach26–28.  
The introduction of the Da Vinci Surgical system for robotic surgery in 2000 has gained 
immediate attention in the world of abdominal surgery. A meta-analysis comparing 

Donald Balfour 
(1882-1963)

Mark Ravitch 
(1910-1989)

Cuthbert Dukes 
(1890-1976)

John Goligher 
(1912 – 1998)

RJ (Bill) Heald 
(1936)



16

robotic-assisted surgery to open surgery for rectal cancer found no significant differenc-
es in complication rates, oncological safety, disease free survival and overall survival29. 
Robotic resections have been associated with favorable short-term outcomes, such as 
lower conversion rates and earlier recovery of spontaneous voiding and sexual function, 
when compared to laparoscopic resection30,31. Nonetheless, the increased costs and the 
learning curve resulted in restraint regarding the implementation of the routine use of a 
robotic approach for rectal cancer.

Performing a complete total mesorectal excision during the resection of mid or low 
rectal cancer has been shown to be challenging in both open and laparoscopic transab-
dominal approaches, mainly due to the anatomy of the pelvis, which makes it difficult 
to visualize the resection margins. The transanal total mesorectal excision, introduced 
in 2010 by Lacy and colleagues32, has been related to improved visualization compared 
to pure laparoscopy, resulting in high quality TME specimens and thus deemed a fea-
sible surgical approach33–37. However, to ensure its oncological safety, a randomized 
controlled trial is needed, comparing long-term outcomes of TaTME to those of a pure 
laparoscopic approach. The COLOR III study is designed to compare these outcomes, 
and started enrollment in 201838. 

Watch and Wait
Neoadjuvant therapy became standard of care in 2004 after a randomized trial con-
firmed superior outcomes for patients treated with neoadjuvant therapy, compared to 
adjuvant therapy. Not long after its introduction, favorable outcomes were seen for pa-
tients with a complete pathologic response after pre-operative therapy (i.e. no residual 
cancerous cells reported at histology, see chapter), compared to those with residual dis-
ease. Brazilian surgeon Habr-Gama introduced the idea of a ‘watch-and-wait approach’ 
and reported long term outcomes of operative versus nonoperative treatment for clin-
ical stage 0 rectal cancer after neoadjuvant chemoradiotherapy39. She concluded that 
there might not be a benefit from surgical resection in carefully selected patients, while 
surgery may be associated with increased morbidity and mortality. The Dutch surgeon 
Beets concurred with Dr. Habr-Gama’s results in their own series in 201140. A recent 
systematic review and meta-analysis on the outcomes of a ‘watch-and-wait approach’ 
found no significant differences in distant recurrence or overall survival compared to 
patients who received surgical therapy. However, the authors state that more prospec-
tive studies are needed to confirm these outcomes41. 
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 1
Pathology of rectal cancer

The pathologic examination of the surgical specimen helps determine the prognosis and 
the need for additional treatment by looking at multiple tumor characteristics of which 
those important for this thesis are discussed below. 

The circumferential resection margin (CRM) is defined as the non-peritonealized surface 
of a resection specimen created by dissection of the subperitoneal aspect at surgery42. A 
tumor positive CRM, independent of neoadjuvant therapy, is a strong predictor of local 
and distant recurrence, as well as impaired survival43,44. Therefore, the European Society 
for Medical Oncology recommends surgeons obtain a CRM of at least 2 millimeters45. 
If a resection margin contains no tumor cells it is called an R0-resection, if there are 
tumor cells seen on microscopy it is called an R1-resection, and if macroscopic tumor 
cells are detected, it is called an R2-resection.
Aside from the CRM assessment on pathology, the CRM can also be assessed on preop-
erative high-resolution MRI. If involvement of the CRM is detected on MRI, it is signifi-
cantly associated with metastatic disease46. Therefore, suspicion of CRM involvement 
plays a role in the determination of the need for neoadjuvant therapy in the Nether-
lands. 

Tumor staging as performed on pathologic assessment follows the same AJCC clas-
sification as described in the beginning of this introduction. After neoadjuvant therapy, 
the final ypTNM stage is a predictor of long term outcomes in patients with clinically 
locally advanced rectal cancer47,48. The American Joint Committee on Cancer recom-
mends the examination of at least 12 lymph nodes to stage rectal cancer accurately49. 
However, neoadjuvant therapy leads to a decrease in lymph node harvest, both after 
neoadjuvant chemoradiotherapy and radiotherapy alone, and the minimum number of 
lymph nodes to examine after preoperative therapy remains a point of debate50.

  cTNM: clinical TNM stage
  pTNM: pathology TNM stage
  ycTNM: clinical TNM stage after neoadjuvant therapy
  ypTNM: pathology TNM stage after neoadjuvant therapy

The introduction of neoadjuvant therapy and subsequent tumor regression led pa-
thologists to create a classification system for clinical response. It is usually described as 
the tumor regression grade (TRG), with scores related to response, as demonstrated in 
the table below. The amount of regression positively correlates to improved disease free 
and overall survival51,52
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Mandard et al.53 Becker et al.54 Dworak et al.55 Rödel et al.51

1. Complete regres-
sion (= fibrosis with-
out detectable tissue 
of tumor)

1a. No residual tu-
mor/tumor bed + che-
motherapy effect

0. No regression 0. No regression

2. Fibrosis with scat-
tered tumor cells

1b. <10% Resid-
ual tumor/tumor 
bed + chemotherapy 
effect

1. Predominantly 
tumor with significant 
fibrosis and/or vascu-
lopathy

1. Regression of 
<25% of tumor mass

3. Fibrosis and tumor 
cells with preponder-
ance of fibrosis

2. 10–50% Resid-
ual tumor/tumor 
bed + chemotherapy 
effect

2. Predominantly 
fibrosis with scattered 
tumor cells (slightly 
recognizable histolog-
ically)

2. Regression of 
25–50% tumor mass

4. Fibrosis and tumor 
cells with preponder-
ance of tumor cells

3. >50% Residual tu-
mor/tumor bed ± che-
motherapy effect

3. Only scattered tu-
mor cells in the space 
of fibrosis with/with-
out acellular mucin

3. Regression of 
>50% tumor mass

5. Tissue of tumor 
without changes of 
regression

4. No vital tumor 
cells detectable

4. Complete regres-
sion

Table. Examples for tumor regression grading systems.56

Two pathology characteristics of the tumor itself are extramural vascular invasion 
and perineural invasion. Extramural vascular invasion (EMVI) describes the presence of 
malignant cells in blood vessels beyond the muscularis propria in the proximity of the 
rectal tumors. It is present in up to 61% of patients with rectal cancer57 and is known to 
be an independent predictor of impaired disease free survival and overall survival57–59. 
Perineural invasion is the invasion of tumor into surrounding nervous structures and the 
potential spread of tumor along nerve sheaths. Incidence rates differ between 14% up 
to 30% in patients with rectal cancer60  and it is an independent predictor of unfavor-
able oncologic outcomes61.
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 1
Aim of this thesis
This thesis presents studies on predictors associated with either poor or improved 
short- and long-term outcomes in patients with rectal cancer. As the management of 
rectal cancer requires a multimodal and multidisciplinary approach, this thesis focuses 
on several different areas of the care and treatment of patients with rectal cancer and 
makes suggestions to advance patient care based on the findings. We hope to add to the 
further improvement of the quality of life of patients with rectal cancer.
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 1
Outline of this thesis
Section I  addresses the diagnosis and staging of rectal cancer. In Chapter 2 the focus 
is on the long-term outcomes of patients with locally advanced rectal cancer after a 
diagnosis through screening. Although it seems intuitive that advanced disease is asso-
ciated with symptomatic presentation, advanced rectal cancer can present asymptomat-
ically62. Screening results in earlier diagnosis. The hypothesis is that patients diagnosed 
through screening should have favorable survival outcomes compared to patients diag-
nosed with locally advanced disease who were diagnosed through symptoms. Chapter 
3 assesses the recurrence and survival outcomes of rectal cancer patients under the 
age of 50, as it is general believed that rectal cancer tends to be more aggressive in 
younger patients. Chapter 4 analyses the impact of missing positive lymph nodes on 
the pre-treatment assessment. As this is an important indication for neoadjuvant ther-
apy, these patients then do not receive neoadjuvant therapy and only receive surgery 
followed by adjuvant therapy (standard of care in the US). Therefore these patients may 
have impaired outcomes.

Section II focuses on the surgical treatment of rectal cancer. Chapter 5 describes 
whether adjusting the patient positioning during an abdominoperineal resection re-
sults in favorable short-term outcomes, as visualization and space to maneuver might 
increase after changing patient positioning. Chapter 6 examines the potential effect 
of local multivisceral resection for transmural rectal cancer (i.e. cT3 or cT4-tumor) on 
long-term outcomes. The hypothesis is that patients who need a multivisceral resection 
have worse outcomes, as their tumor seems to be more aggressive/advanced. 

Section III addresses different facets of the pathology assessment, which is important 
for the multidisciplinary team to make a prediction on patient outcomes and the need 
for additional treatment. In Chapter 7, the focus is on long term outcomes of patients 
with persistent lymph node involvement after neoadjuvant therapy for stage III rectal 
cancer; hypothesizing that these patients do worse because of their poor response to 
neoadjuvant therapy. In Chapter 8 the outcomes of patients with a pathologic complete 
response to neoadjuvant therapy for locally advanced tumors will be discussed. As there 
was no viable tumor left in these patients, they are expected to have superior long-term 
outcomes, compared to patients with residual disease. 

This thesis will conclude with a summarizing discussion regarding the questions raised 

in the previously mentioned sections and a broader view on the future of the manage-

ment of rectal cancer. 



22

Reference list Chapter 1
1.  Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and mortality   
 worldwide: Sources, methods and major patterns in GLOBOCAN 2012. Int J  
 Cancer. 2015;136(5):E359-E386. doi:10.1002/ijc.29210
2.  Oncoline. Richtlijn primaire behandeling rectumcarcinoom. https://www.onco 
 line.nl/colorectaalcarcinoom. Accessed May 26, 2019.
3.  Facts C. Cancer Facts & Figures. 2016.
4.  Lee YC, Lee YL, Chuang JP, Lee JC. Differences in survival between colon   
 and rectal cancer from SEER data. PLoS One. 2013;8(11). doi:10.1371/journal. 
 pone.0078709
5.  Hugen N, Van de Velde CJH, De Wilt JHW, Nagtegaal ID. Metastatic pat  
 tern in colorectal cancer is strongly influenced by histological subtype. Ann On 
 col. 2014;25(3):651-657. doi:10.1093/annonc/mdt591
6.  Cagir B, Trostle DR. NCCN guidelines. Medscape eMedicine. 2013.    
 doi:10.1053/S1053-4296(03)00050-X
7.  Smiljanic S, Gill S. Patterns of diagnosis for colorectal cancer: screening 
 detected vs. symptomatic presentation. Dis Colon Rectum. 2008;51(5):573-577.  
 doi:10.1007/s10350-008-9193-8
8.  Brenner H, Jansen L, Ulrich A, Chang-Claude J, Hoffmeister M. Survival   
 of patients with symptom- and screening-detected colorectal cancer. Oncotarget.  
 2016;7(28). doi:10.18632/oncotarget.9412
9.  Lindebjerg J, Osler M, Bisgaard C. Colorectal cancers detected through screen 
 ing are associated with lower stages and improved survival. Dan Med J.   
 2014;61(1):1-5.
10.  Muto T, Bussey HJ, Morson BC. The evolution of cancer of the colon and rectum.  
 Cancer. 1975;36(6):2251-2270.
11.  Bolin S, Nilsson E, Sjodahl R, D M. Carcinoma of the Colon and Rectum-Growth  
 Rate.
12.  Volksgezondheid en zorg. Landelijk bevolkingsonderzoek darmkanker. https:// 
 www.volksgezondheidenzorg.info/onderwerp/dikkedarmkanker/preventie-zorg/ 
 preventie. Accessed May 26, 2019.
13.  Harewood GC, Lieberman DA. Colonoscopy practice patterns since introduc 
 tion of medicare coverage for average-risk screening. Clin Gastroenterol Hepa 
 tol. 2004;2(1):72-77.
14.  Folkesson J, Birgisson H, Pahlman L, Cedermark B, Glimelius B, Gunnarsson  
 U. Swedish rectal cancer trial: Long lasting benefits from radiotherapy on 
 survival and local recurrence rate. J Clin Oncol. 2005;23(24):5644-5650.   
 doi:10.1200/JCO.2005.08.144
15.  Corman ML. Jacques Lisfranc 1790--1847. Dis Colon Rectum. 1983;26(10):694- 
 695. doi:10.1007/BF02553350
16.  Goligher J. Surgery of the Anus, Rectum and Colon. In: London: Baillière Tindall.  
 ; 1984:590-779.
17.  Hartmann H, Quénu EA. Chirurgie du rectum. In: Paris: G. Steinheil. ; 1899.
18.  Morgan CN. Carcinoma of the Rectum: Bradshaw Lecture delivered at the   
 Royal College of Surgeons of England on 9th December 1964. Ann R Coll Surg  
 Engl. 1965;36(2):76-78.
19.  Corman ML. Classic Articles in Colonic and Rectal Surgery - Donald Church  



Chapter 1: General introduction 

23

 1

 Balfour 1882-1963. Dis Colon Rectum. 1984;27(8):559562.
20.  Dukes CE, Bussey HJR. Venous Spread in Rectal Cancer. Proc R Soc Med.   
 1941;34(9):571-573.
21.  Ravitch MM, Steichen FM. Principles and Practice of Surgical Stapling. Year   
 Book Medical Publishers; 1987. https://books.google.nl/books?id=eZEEAQAA 
 IAAJ.
22.  Anderson JM. Chemoradiotherapeutic prevention of local recurrence 
 after stapled anastomoses in rectal cancer. Scott Med J. 1981;26(1):21-23.   
 doi:10.1177/003693308102600106
23.  Heald RJ. A new approach to rectal cancer. Br J Hosp Med. 1979;22(3):277–281.
24.  Heald RJ, Husband EM, Ryall RDH. The mesorectum in rectal cancer 
 surgery???the clue to pelvic recurrence? Br J Surg. 1982;69(10):613-616.   
 doi:10.1002/bjs.1800691019
25.  MacFarlane JK, Ryall RD, Heald RJ. Mesorectal excision for rectal cancer. 
 Lancet. 1993;341:457-460. doi:0140-6736(93)90207-W [pii]
26.  Bonjer HJ, Deijen CL, Abis G a, et al. A randomized trial of laparoscopic versus 
 open surgery for rectal cancer. N Engl J Med. 2015;372(14):1324-1332.   
 doi:10.1056/NEJMoa1414882
27.  Jeong SY, Park JW, Nam BH, et al. Open versus laparoscopic surgery for 
 mid-rectal or low-rectal cancer after neoadjuvant chemoradiotherapy (COREAN  
 trial): Survival outcomes of an open-label, non-inferiority, randomised controlled  
 trial. Lancet Oncol. 2014;15(7):767-774. doi:10.1016/S1470-2045(14)70205-0
28.  Jayne DG, Thorpe HC, Copeland J, Quirke P, Brown JM, Guillou PJ. Five-year 
 follow-up of the Medical Research Council CLASICC trial of laparoscopically  
 assisted versus open surgery for colorectal cancer. Br J Surg. 2010;97(11):1638- 
 1645. doi:10.1002/bjs.7160
29.  Liao G, Li Y-B, Zhao Z, Li X, Deng H, Li G. Robotic-assisted surgery 
 versus open surgery in the treatment of rectal cancer: the current evidence. Sci  
 Rep. 2016;6(1):26981. doi:10.1038/srep26981
30.  Kim JY, Kim N-K, Lee KY, Hur H, Min BS, Kim JH. A Comparative Study of   
 Voiding and Sexual Function after Total Mesorectal Excision with Autonomic  
 Nerve Preservation for Rectal Cancer: Laparoscopic Versus Robotic Surgery. Ann  
 Surg Oncol. 2012;19(8):2485-2493. doi:10.1245/s10434-012-2262-1
31.  Scarpinata R, Aly EH. Does robotic rectal cancer surgery offer improved 
 early postoperative outcomes? Dis Colon Rectum. 2013;56(2):253-262.   
 doi:10.1097/DCR.0b013e3182694595
32.  Sylla P, Rattner DW, Delgado S, Lacy AM. NOTES transanal rectal cancer 
 resection using transanal endoscopic microsurgery and laparoscopic assistance.  
 Surg Endosc Other Interv Tech. 2010;24(5):1205-1210. doi:10.1007/s00464-  
 010-0965-6
33.  De Lacy AM, Rattner DW, Adelsdorfer C, et al. Transanal natural orifice 
 transluminal endoscopic surgery (NOTES) rectal resection: “Down-to-up” total  
 mesorectal excision (TME) - Short-term outcomes in the first 20 cases. Surg 
 Endosc Other Interv Tech. 2013;27(9):3165-3172. doi:10.1007/s00464-013-  
 2872-0
34.  Lacy AM, Tasende MM, Delgado S, et al. Transanal Total Mesorectal 
 Excision for Rectal Cancer: Outcomes after 140 Patients. J Am Coll Surg.   



24

 2015;221(2):415-423. doi:10.1016/j.jamcollsurg.2015.03.046
35.  Veltcamp Helbach M, Deijen CL, Velthuis S, Bonjer HJ, Tuynman JB, 
 Sietses C. Transanal total mesorectal excision for rectal carcinoma: short-  
 term outcomes and experience after 80 cases. Surg Endosc Other Interv Tech.  
 2016;30(2):464-470. doi:10.1007/s00464-015-4221-y
36.  Tuech JJ, Karoui M, Lelong B, et al. A step toward notes total mesorectal excision  
 for rectal cancer endoscopic transanal proctectomy. Ann Surg. 2015;261(2):228- 
 233. doi:10.1097/SLA.0000000000000994
37.  Fernández-Hevia M, Delgado S, Castells A, et al. Transanal total mesorectal   
 excision in rectal cancer short-term outcomes in comparison with laparoscopic  
 surgery. Ann Surg. 2015;261(2):221-227. doi:10.1097/SLA.0000000000000865
38.  Deijen CL, Velthuis S, Tsai A, et al. COLOR III: a multicentre randomised clinical  
 trial comparing transanal TME versus laparoscopic TME for mid and low rectal  
 cancer. Surg Endosc Other Interv Tech. 2016;30(8):3210-3215. doi:10.1007/  
 s00464-015-4615-x
39.  Habr-Gama A, Perez RO, Nadalin W, et al. Operative versus nonoperative
 treatment for stage 0 distal rectal cancer following chemoradiation therapy:
 long-term results. Ann Surg. 2004;240(4):711-7; discussion 717-8.    
 doi:10.1097/01.sla.0000141194.27992.32
40.  Maas M, Beets-Tan RGH, Lambregts DMJ, et al. Wait-and-see policy for   
 clinical complete responders after chemoradiation for rectal cancer. J Clin 
 Oncol. 2011;29(35):4633-4640. doi:10.1200/JCO.2011.37.7176
41.  Dossa F, Chesney TR, Acuna SA, Baxter NN. A watch-and-wait approach for   
 locally advanced rectal cancer after a clinical complete response following neo 
 adjuvant chemoradiation: a systematic review and meta-analysis. lancet 
 Gastroenterol Hepatol. 2017;2(7):501-513. doi:10.1016/S2468-1253(17)
 30074-2
42.  Hermanek P, Junginger T. The circumferential resection margin in rectal 
 carcinoma surgery. Tech Coloproctol. 2005;9(3):193-199. doi:10.1007/s10151- 
 005-0226-1
43.  Nagtegaal ID, Quirke P. What is the role for the circumferential margin in the
 modern treatment of rectal cancer? J Clin Oncol. 2008;26(2):303-312.   
 doi:10.1200/JCO.2007.12.7027
44.  Adam IJ, Martin IG, Finan P, et al. Role of circumferential margin involvement in
 the local recurrence of rectal cancer. Lancet. 1994;344(8924):707-711.   
 doi:10.1016/S0140-6736(94)92206-3
45.  Glynne-Jones R, Wyrwicz L, Tiret E, et al. Rectal cancer: ESMO Clinical 
 Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol.   
 2017;28(August):iv22-iv40. doi:10.1093/annonc/mdx224
46.  Taylor FGM, Quirke P, Heald RJ, 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;32(1):34-43. doi:10.1200/JCO.2012.45.3258
47.  Kuo L-J, Liu M-C, Jian JJ-M, et al. Is final TNM staging a predictor for survival in  
 locally advanced rectal cancer after preoperative chemoradiation therapy? Ann  
 Surg Oncol. 2007;14(10):2766-2772. doi:10.1245/s10434-007-9471-z
48.  Chan AKP, Wong A, Jenken D, Heine J, Buie D, Johnson D. Posttreatment TNM  



Chapter 1: General introduction 

25

 1

 staging is a prognostic indicator of survival and recurrence in tethered or fixed  
 rectal carcinoma after preoperative chemotherapy and radiotherapy. Int J Radiat  
 Oncol Biol Phys. 2005;61(3):665-677. doi:10.1016/j.ijrobp.2004.06.206
49.  Compton CC, Greene FL. The staging of colorectal cancer: 2004 and beyond. CA  
 Cancer J Clin. 2004;54(6):295-308. doi:10.3322/canjclin.54.6.295
50.  Mechera R, Schuster T, Rosenberg R, Speich B. Lymph node yield after rectal 
 resection in patients treated with neoadjuvant radiation for rectal cancer: A
 systematic review and meta-analysis. Eur J Cancer. 2017;72:84-94.    
 doi:10.1016/j.ejca.2016.10.031
51.  Rödel C, Martus P, Papadoupolos T, et al. Prognostic significance of tumor   
 regression after preoperative chemoradiotherapy for rectal cancer. J Clin Oncol.  
 2005;23(34):8688-8696. doi:10.1200/JCO.2005.02.1329
52.  Dhadda AS, Dickinson P, Zaitoun AM, Gandhi N, Bessell EM. Prognostic 
 importance of Mandard tumour regression grade following pre-operative chemo/ 
 radiotherapy for locally advanced rectal cancer. Eur J Cancer. 2011;47(8):1138- 
 1145. doi:10.1016/j.ejca.2010.12.006
53.  Mandard AM, Dalibard F, Mandard JC, et al. Pathologic assessment of tumor  
 regression after preoperative chemoradiotherapy of esophageal carcinoma.  
 Clinicopathologic correlations. Cancer. 1994;73(11):2680-2686.
54.  Becker K, Mueller JD, Schulmacher C, et al. Histomorphology and grading   
 of regression in gastric carcinoma treated with neoadjuvant chemotherapy. 
 Cancer. 2003;98(7):1521-1530. doi:10.1002/cncr.11660
55.  Dworak O, Keilholz L, Hoffmann A. Pathological features of rectal cancer after  
 preoperative radiochemotherapy. Int J Colorectal Dis. 1997;12(1):19-23.
56.  Thies S, Langer R. Tumor Regression Grading of Gastrointestinal 
 Carcinomas after Neoadjuvant Treatment. Front Oncol. 2013;3(October):1-7.  
 doi:10.3389/fonc.2013.00262
57.  Chand M, Siddiqui MRS, Swift I, Brown G. Systematic review of prognostic   
 importance of extramural venous invasion in rectal cancer. World J 
 Gastroenterol. 2016;22(4):1721-1726. doi:10.3748/wjg.v22.i4.1721
58.  Smith NJ, Barbachano Y, Norman AR, Swift RI, Abulafi AM, Brown G. Prognostic  
 significance of magnetic resonance imaging-detected extramural vascular 
 invasion in rectal cancer. Br J Surg. 2008;95(2):229-236. doi:10.1002/bjs.5917
59.  Talbot IC, Ritchie S, Leighton MH, Hughes AO, Bussey HJR, Morson BC. The
 clinical significance of invasion of veins by rectal cancer. Br J Surg.    
 1980;67(6):439-442. doi:10.1002/bjs.1800670619
60.  Ueno H, Shirouzu K, Eishi Y, et al. Characterization of perineural invasion as a  
 component of colorectal cancer staging. Am J Surg Pathol. 2013;37(10):1542- 
 1549. doi:10.1097/PAS.0b013e318297ef6e
61.  Liebig C, Ayala G, Wilks J, et al. Perineural invasion is an independent predictor
 of outcome in colorectal cancer. J Clin Oncol. 2009;27(31):5131-5137.   
 doi:10.1200/JCO.2009.22.4949
62.  Scheer MGW, Sloots CEJ, Van der Wilt GJ, Ruers TJM. Management of patients  
 with asymptomatic colorectal cancer and synchronous irresectable metastases.  
 Ann Oncol. 2008;19(11):1829-1835. doi:10.1093/annonc/mdn398





27

Section I
Diagnosis and Staging 

of Rectal Cancer

Chapter 2
The influence of screening on 
outcomes of clinically locally 

advanced rectal cancer 

Journal of Gastrointestinal Surgery, 2018

Chapter 3
The negative impact of understaging 

rectal cancer patients 

The American Journal of Surgery, 2017

Chapter 4
Rectal cancer in patients under 

50 years of age 

Journal of Gastrointestinal Surgery, 2017





29

Journal of Gastrointestinal Surgery. 
2018; 22(6):1052-1058

Dinaux AM, Leijssen LGJ, Bordeianou 
LG, Kunitake H, Berger DL.

Chapter 2

The influence of screening 
on outcomes of clinically 

locally advanced 
rectal cancer



Section I: Diagnosis and staging

30

Abstract 
Background
Screening for colorectal cancer has resulted in declining incidence rates of both colon 
and rectal cancer and it may influence stage at presentation and improve survival. The 
aim of this study was to assess the impact of screening on patients diagnosed with local-
ly advanced rectal cancer.

Methods
A retrospective analysis of a consecutive series of patients who underwent neoadju-
vant therapy and had an R0-resection for clinical AJCC stage II or stage III disease. All 
patients received surgery at a single center between 2004-2015. Patients diagnosed 
through screening were compared to patients diagnosed through symptomatic presenta-
tion.

Results
309 patients were included, of whom 43 (13.9%) were diagnosed through screening. 
Screened patients had more often a white ethnicity, while there were no other differ-
ences in baseline characteristics or median household income. Screened patients had a 
lower rate of disease recurrence in addition to a longer disease free survival and overall 
survival. 

Conclusions
Patients with locally advanced rectal cancer diagnosed through screening demonstrated 
more favorable short and long-term outcomes than patients diagnosed through symp-
toms. Findings of this study reinforce the need for screening programs in addition to the 
need for research regarding optimization of screening adherence. 



Chapter 2:  The influence of screening on patients with clinically locally advanced rectal cancer 

31

 2

Introduction
The National Cancer Institute predicted that approximately 135,000 new cases of 
colorectal cancer were diagnosed in the United States in 20161; an incidence that has 
significantly decreased over the years, as there were approximately 144,000 new cases 
diagnosed in 20122. While it was less than a decade ago that randomized controlled 
trials demonstrated beneficial outcomes for patients who were screened for colorectal 
cancer3–5, screening for colorectal cancer presumably had a significant influence on 
these declining incidence rates6,7. Aside from reducing incidence rates, screening seems 
to be associated with lower disease stage on presentation and improved survival8. The 
majority of the published data on the effects of screening on rectal cancer outcomes 
is based on cohorts, which combine all colon and rectal cancer patients or based on 
clustered left sided cancers and rectal cancers. Furthermore, previous research did not 
incorporate staging and neoadjuvant therapy in their selection criteria. 

The aim of this study was to evaluate the impact of screening on oncologic out-
comes and survival of patients with locally advanced rectal cancer who were treated 
with neoadjuvant therapy and surgery9. 

 
Methods
Patients
This study included a consecutive series of patients with either clinical stage II or stage 
III primary rectal cancer, who all received neoadjuvant therapy and underwent an R0 
surgical resection at the Massachusetts General Hospital between 2004 and 2015. Pa-
tients were derived from an IRB approved, prospectively maintained database and retro-
spectively reviewed. Data were gathered from in- and outpatient records, as well as the 
national death register. Median household income was retrieved from the US Census 
Bureau based on ZIP code. Patients who were diagnosed with distant metastasis within 
30 days of surgery were excluded. To determine the impact of screening on outcomes, 
the included cohort was divided based on whether the locally advanced rectal cancer 
was diagnosed per screening or per symptoms.

Statistical analysis
Binary outcomes were described as the exact number with the percentage of screened 
or unscreened patients and were compared using the Chi squared test or with Fishers 
exact test, when applicable. Continuous variables were described using either the mean 
with its correlating standard deviation or the median with its correlating interquartile 
range and were compared using the Mann Whitney U-test. Kaplan Meier analyses were 
performed to determine differences in survival outcomes. Multivariable Cox propor-
tional hazard models were made to determine the influence of screening on disease 
recurrence and overall mortality, adjusting for potential confounders. Variables were 
included in the multivariable analyses when the variable had a P-value of 0.250 or less 
in univariable analyses for the outcome of interest.
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 A P-value of 0.05 or less was used as the threshold of statistical significance. SPSS (IBM 
Corp. Released 2013. IBM SPSS Statistics for Macintosh, Version 24.0. Armonk, NY: 
IBM Corp.) was used for all statistical analyses. 

Results
Baseline characteristics 
A total of 309 patients received neoadjuvant therapy and an R0-resection for clinically 
locally advanced rectal cancer, of whom 43 (13.9%) were diagnosed through screening. 
Screened patients were significantly more often white than unscreened patients (97.7% 
vs. 86.7%; P=0.039) and there were no other differences in baseline characteristics, 
including gender, age, ASA-score, and BMI. Median household income, based on ZIP 
code, was comparable for both groups (P=0.899).

Clinical AJCC staging did not differ significantly between both groups (P=0.370) 
and all screened patients received the combination of neoadjuvant chemotherapy and 
radiation, in comparison to 92.9% of the unscreened patients (P=0.087). Operative du-
ration was comparable, while the median admission duration of screened patients was 
one day shorter than that of unscreened patients (4 days [IQR 3-6] vs. 5 days [IQR 4-7]; 
P=0.025). Table 1.

Surgical pathology characteristics
Overall pathologic AJCC staging was significantly lower for unscreened patients, main-
ly due to the difference in pathologic response to neoadjuvant treatment as 34.9% of 
the screened patients had a pathologic complete response, in comparison with 14.7% 
of the unscreened patients (P=0.001) and the rates of pathologic complete response 
were twice as high for screened patients in both Clinical stage II and Clinical stage III 
cohorts. There were no other statistically significant differences in staging percentages. 
Furthermore, there were no statistically significant differences in tumor characteristics, 
including disease grade, large vessel invasion, extramural venous invasion, small vessel 
invasion, and perineural invasion. However, the rates of all aforementioned characteris-
tics trended to be higher for unscreened patients. Table 2. Screened patients had high-
er rates of adjuvant therapy (90.7% vs. 74.4%; P=0.133), with clinically significantly 
lower rates of the development of long term distant metastases (4.7% vs. unscreened 
15%; P=0.065), local recurrence (0% vs. unscreened 5.6%; P=0.240), rectal cancer 
specific mortality (0% vs. unscreened 7.9%; P=0.054) and overall mortality (9.3% vs. 
unscreened 21.8%; P=0.058). Combining local and distant recurrence numbers result-
ed in a significant difference in overall disease recurrence, in favor of screened patients 
(P=0.030). Median recurrent disease free survival was more than 1.5 year longer for 
screened patients (P=0.013), in addition to a clinically significantly longer overall sur-
vival (58.9 months vs. 37.6 months P=0.095). Table 3.
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Table 1. Baseline characteristics
Non-screening Screening P-Value

N= 309 266 43 

Gender, Female 101 (38%) 14 (32.6%) 0.496

Age 61.1 (51.08-73.53) 56.9 (52.3-67.2) 0.552

ASA-score 2.26 +- 0.52 2.12 +- 0.50 0.146

Charlson 2.44 +- 0.99 2.35 +- 0.78 0.558

BMI 26.4 (23.6-29.7) 26.7 (25.0-31.6) 0.128

Ethnicity, White 229 (86.7%) 42 (97.7%) 0.039

Median household income $76,596 $76,577 0.899

Income ≥ median* 134 (50.8%) 21 (50.0%) 0.927

Intoxications

   Alcohol abuse, or history of 31 (11.7%) 8 (18.6%) 0.203

   Current smoker 30 (11.3%) 6 (14%) 0.612

   Ever smoker 138 (51.9%) 25 (58.1%) 0.446

Screening modality

   FOBT 31 (11.7%) 8 (18.6%) 0.203

   DCBE 2 (0.8%) 0 (0%) 1a

   Colonoscopy 100% 100% n/a

Predisposition

   History of CRC 3 (1.1%) 0 (0%) 1a

   Family 1st Degree 28 (10.5%) 6 (14%) 0.598a

Clinical AJCC staging

   Stage II 75 (28.2%) 15 (34.9%) 0.370

   Stage III 191 (71.8%) 28 (65.1%) 0.370

Neoadjuvant treatment

  Chemoradiation 247 (92.9%) 43 (100%) 0.087a

      Chemotherapy 249 (93.6%) 43 (100%) 0.143a

      Radiotherapy 264 (99.2%) 43 (100%) 1 a

Operative duration 204 (134-251) 188 (123-249) 0.544

Admission duration 5 (4-7) 4 (3-6) 0.025

* Median income based on ZIP code. Median income cohort = $76,596

a: statistical significance determined through Fisher’s exact test
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Table 2. Pathology characteristics
Non-screening Screening P-Value

Path AJCC staging 0.012

   Stage 0 43 (16.2%) 16 (37.2%) 0.001

      Path CR 39 (14.7%) 15 (34.9%) 0.001

         Clin stage II 12 (16.0%) 5 (33.3%) 0.149a

         Clin stage III 27 (14.1%) 10 (35.7%) 0.012a

      ypTisN0

   Stage I 61 (22.9%) 9 (20.9%) 0.771

   Stage II 81 (30.5%) 9 (20.9%) 0.202

   Stage III 81 (30.5%) 9 (20.9%) 0.202

 Extramural vasc inv 36 (13.5%) 2 (4.7%) 0.100

High Grade Disease 22 (8.3%) 3 (7%) 1a

Large vessel invasion 38 (14.3%) 2 (4.7%) 0.081

   Extramural venous inv 25 (9.4%) 1 (2.3%) 0.147a

Small vessel invasion 36 (13.5%) 4 (9.3%) 0.443

Perineural invasion 50 (18.8%) 4 (9.3%) 0.128

R-0 resection 100% 100%

Adjuvant treatment 198 (74.4%) 39 (90.7%) 0.019

a: statistical significance determined through Fisher’s exact test
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Table 3. Long-term outcomes
Non-screening Screening P-Value

Longterm distant mets 40 (15%) 2 (4.7%) 0.065

Local recurrence 15 (5.6%) 0 (0%) 0.240a

Recurrent Disease 47 (17.7%) 2 (4.7%) 0.030

      AJCC stage 0 1 (23%) 1 (6.3%) 0.472a

      AJCC stage I 6 (9.8%) 1 (11.1%) 1a

      AJCC stage II 18 (22.2%) 0 (0%) 0.195a

      AJCC stage III 22 (27.2%) 0 (0%) 0.106a

Median Recurrent DFS, months (IQR) 24.1 (12.0-58.1) 43.4 (18.3-69.6) 0.013

Rectal cancer death 21 (7.9%) 0 (0%) 0.054a

      AJCC stage 0 0 0

      AJCC stage I 2 (3.3%) 0 (0%) 1a

      AJCC stage II 10 (12.3%) 0 (0%) 0.590a

      AJCC stage III 9 (11.1%) 0 (0%) 0.590a

Overall mortality 58 (21.8%) 4 (9.3%) 0.058

      AJCC stage 0 3 (7%) 1 (6.3%) 1a

      AJCC stage I 14 (23%) 1 (11.1%) 0.672a

      AJCC stage II 20 (24.7%) 2 (22.2%) 1a

      AJCC stage III 21 (25.9%) 0 (0%) 0.110a

Overall survival, months 37.6 (18.8-67.5) 58.9 (20.8-82.9) 0.095

FU Duration months 32.3 (16.6-61.3) 48.8 (20.4-74.0) 0.061

a: statistical significance determined through Fisher’s exact test
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Table 4. Multivariable analyses
Disease recurrence Univariable Multivariable (enter) Multivariable (backwards)

HR P-value HR P-value HR P-value

Screening 0.22 0.035 0.16 0.067 0.17 (0.02 – 1.21) 0.076

Ethnicity, white 0.54 0.114 0.82 0.62

Median household 
income

0.999 0.195 0.999 0.18

Path AJCC staging 0.003 0.039 0.028

   Stage 0 Reference Reference Reference

   Stage I 3.18 0.15 4.96 0.14 5.01 (0.62 – 40.83) 0.13

   Stage II 6.81 0.010 8.44 0.041 8.44 (1.10 – 64.62) 0.040

   Stage III 9.76 0.002 12.38 0.016 12.36 (1.64 – 93.3) 0.015

Large vessel invasion 2.65 0.004 0.99 0.97

Small vessel invasion 2.70 0.003 1.44 0.32

Perineural invasion 3.52 <0.001 1.92 0.052 2.26 (1.22 – 4.18) 0.009

Overall mortality Univariable Multivariable (enter) Multivariable (backwards)

HR P-value HR P-value HR P-Value

Screening 0.343 0.039 0.51 0.20

Age 1.06 <0.001 1.06 <0.001 1.06 (1.04 – 1.09) <0.001

ASA-score 2.21 <0.001 1.48 0.102

History of CRC 5.09 0.025 0.95 0.95

Family history (1st 
grade)

1.92 0.051 1.75 0.125

Neoadjuvant chemo-
therapy

0.39 0.030 2.69 0.059 2.63 (0.98 – 7.07) 0.055

Pathologic AJCC staging 0.020 0.079 0.020

   Stage 0 Reference Reference

   Stage I 3.88 0.016 2.66 0.087 2.93 (0.97 – 8.88) 0.058

   Stage II 4.34 0.007 2.40 0.13 3.29 (1.11 – 9.80) 0.032

   Stage III 5.49 0.002 4.19 0.015 5.57 (1.83 – 16.98) 0.003

High grade disease 2.08 0.069 1.64 0.25

Large vessel invasion 1.91 0.045 0.87 0.70

Small vessel invasion 2.48 0.003 2.05 0.040 1.95 (1.02 – 3.72) 0.042

Perineural invasion 1.58 0.135 1.28 0.48

Adjuvant chemotherapy 1.98 <0.001 0.39 0.002 0.33 (0.19 – 0.59) <0.001

Variables with a P-value <0.250 on univariable analyses for outcome of interest were included in multi-

variable analyses. Backwards elimination was used to build the strongest multivariable model.
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Surgical pathology characteristics (continued)
Kaplan Meier survival analyses of disease free, disease specific, and overall survival 
demonstrated significant better outcomes for screened patients, see fig. 1.
The statistically significant effect of screening on recurrent disease and overall mortality 
disappeared in multivariable cox regression, adjusting for potential confounders (see 
Table 4). However, point estimates trended to favorable outcomes for screened patients: 
HR=0.17 (P=0.078) and HR=0.51 (P=0.20), respectively.

Figure 1. 

 
Discussion
This study addressed the effects of diagnosis through screening on short and long-term 
oncologic outcomes in patients in whom one may think screening came too late: pa-
tients with clinically locally advanced rectal cancer. Our results indicate that patients 
diagnosed through screening had better responses to neoadjuvant therapy and had bet-
ter long term outcomes than patients diagnosed through symptoms, while both patient 
groups had comparable clinical AJCC stage disease.  

Previous research revealed that screening for colorectal cancer decreased the inci-
dence of and mortality due to this combined disease3–5. However, evidence regarding 
the effects of screening on outcomes of rectal cancer as a separate entity is scarce as is 
evidence on the effects of screening on survival. Lindebjerg et al. analyzed outcomes 
after screening for colorectal cancer and performed a small number of subanalyses for 
rectal patients8. They demonstrated that screening resulted in lower rectal cancer stag-
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ing on presentation; however, this study did not evaluate long-term outcomes separately 
for these patients with rectal cancer. Holme et al.10  performed a large randomized con-
trolled trial regarding the effects of screening flexible sigmoidoscopy and demonstrated 
that disease specific survival trended to be longer for patients diagnosed with distal 
colorectal cancer through screening. Unfortunately, this study also did not analyze out-
comes for rectal cancer patients apart from colon cancer patients and it did not account 
for the administration of adjuvant therapy. 

As all patients in the current study were diagnosed with comparable clinical AJCC 
disease stages, it is not likely that the screening itself was the cause for the improved 
short- and long-term outcomes in the screened patients. This is underlined by the find-
ing that the effect of screening disappeared in multivariable analyses. The favorable 
outcomes for screened patients could potentially be justified by several other causes, 
for instance tumor biology might be different for patients with symptomatic tumors. 
Although pathologic characteristics trended towards being worse in the unscreened 
group, which supports the idea of more aggressive tumors in unscreened patients11,12, 
the current study was not able to detect significant differences in these studied patho-
logic characteristics. Moreover, it could be possible that these tumor characteristics 
changed due to neoadjuvant therapy13. Aside from differences in tumor biology, the 
response to neoadjuvant therapy was higher in screened patients, which most likely 
contributed to the better long-term outcomes, as T and N stage after neoadjuvant thera-
py have been demonstrated to correlate to long term outcomes14. Furthermore, patients 
with a complete pathologic response, a pathological finding that was seen more often 
in the screened patients, has been shown to have significant better outcomes than pa-
tients with residual tumor15.

The beneficial outcomes for screened patients might also be influenced by the fact 
that people who are compliant to screening programs most likely have better access 
to healthcare. Furthermore, the main difference in baseline characteristics in this study 
was found in ethnicity, which certainly might play a role in the differences in long term 
outcomes, as the 5-year relative survival rates of rectal cancer have been lower for 
African Americans compared to Whites for decades1. Lastly, adjuvant therapy rates were 
higher in the screened group and administration thereof appeared to be a significant in-
dependent predictor of overall mortality. This difference in adjuvant therapy percentages 
is presumably due to screening patients being more suitable patients to receive adjuvant 
therapy. The current study did not detect significant differences in age or comorbidity 
score; however, both variables trended towards being lower in the screened group.

Furthermore, it is reasonable to think that there might be a socio-economic status 
difference between screened and unscreened patients, which might have contributed in 
differences in long-term outcomes16. However, the percentage of uninsured residents in 
Massachusetts is around 3%1, so access to healthcare due to an absence of insurance 
most likely did not bias this study in a major way. Furthermore, this study could not 
detect a difference in median household income between screened and unscreened 
patients.



Chapter 2:  The influence of screening on patients with clinically locally advanced rectal cancer 

39

 2

Limitations
As this study is based on retrospectively analyses of a database, it is plausible that, due 
to either database input errors or information bias, the number of patients diagnosed 
through screening might be actually higher than is presented in the current study. Fur-
thermore, data on median household income were based on ZIP code, which might 
not reflect the actual income of the patient, and our dataset lacks data on insurance. 
However, median household incomes were very close for both groups and screening 
itself seemed to be a stronger predictor of disease free survival and overall survival than 
median income. 

Further research
Further research should focus on optimizing screening compliance, which likely is 
related to patients’ awareness of their health status. Furthermore, it would be interesting 
to investigate whether tumor characteristics of patients diagnosed with locally advanced 
disease through screening, not yet influenced by neoadjuvant treatment, are less aggres-
sive than those of unscreened patients. 

Conclusion
Patients with locally advanced rectal cancer diagnosed through screening demonstrat-
ed favorable tumor characteristics, significant better response to neoadjuvant therapy 
and better disease free, disease specific and overall survival than patients diagnosed 
through symptoms. However, it is likely that this effect is caused by other factors, for 
instance factors causing patients to be compliant to screening programs. The findings of 
this study reinforce the need for screening programs in addition to the need for research 
regarding optimization of screening adherence. 
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Abstract 
Background 
Neoadjuvant chemoradiation followed by surgery and adjuvant therapy is standard 
treatment of clinical node positive rectal cancer. Understaging leads to delay in treat-
ment with possible detrimental results. This study analyses effects of understaging stage 
III rectal cancer on long-term outcomes.

Methods
A consecutive series of patients, operated on in MGH between 2004-2015 was includ-
ed. Outcomes of non-neoadjuvantly treated clinical stage I patients who turned out to 
have pathological stage III disease and neoadjuvantly treated clinical stage III patients 
were retrospectively reviewed. The latter group was subdivided into patients who had 
persistent nodal disease (ypN+) and patients without positive lymph nodes after neoad-
juvant treatment (ypN0).

Results
Of the 204 included patients, 30 had unexpected nodal disease on pathology. Clinical 
stage I-patients had higher rates of local recurrence, and rectal cancer and overall mor-
tality than ypN0-patients.

Conclusion
Understaging stage III rectal cancer led to poorer oncologic outcomes, when com-
pared to patients without positive lymph nodes on pathology after neoadjuvant. Future 
research should focus on identifying patients with treatment susceptible lymph node 
involvement.



Chapter 3: The negative impact of understaging rectal cancer patients  

45

 3

Introduction
Patients with locally advanced rectal cancers, tumors that are transmural or those with a 
suspicion of positive lymph nodes on preoperative imaging  receive neoadjuvant ther-
apy.  Neoadjuvant treatment has been definitively shown to decrease local recurrence 
and may impact survival1,2. Despite improving imaging quality and assessment3,4, the 
accuracy of preoperative staging remains a topic of discussion, especially regarding the 
clinical suspicion of positive lymph nodes. Overstaging rectal cancer leads to unneces-
sary treatment with potential long-term side effects5,6. Understaging leads to a delay in 
adjuvant treatment with potential inherent disadvantages.

The aim of this study is to analyze the effect of unexpected lymph node involvement 
on surgical pathology in patients with clinical stage I rectal cancer. 

Methods
Patients
A consecutive cohort of patients with either clinically assessed AJCC stage I rectal 
adenocarcinoma who subsequently turned out to have pathologically stage III disease 
(cT1-2N0 pTxN+) or  patients with clinically assessed AJCC stage III (cTxN+) primary 
rectal adenocarcinoma were selected from our IRB-approved colorectal database and 
retrospectively reviewed. All patients had an R0 TME-resection between 2004 and the 
end of 2015 at the Massachusetts General Hospital. According to the NCCN guidelines, 
patients with clinical stage I disease did not receive neoadjuvant treatment, whereas all 
patients with clinical stage III disease received neoadjuvant chemoradiation. As patients 
with clinical stage III disease might not have persistent nodal disease on surgical pathol-
ogy after neoadjuvant treatment, the clinical stage III group was subdivided into those 
patients who had a complete nodal response (cN+ypN0) and those patients who had 
persistent nodal disease (cN+ypN+). After removal of the primary tumor, all patients 
received 4-6 months of postoperative chemotherapy. 

Patients were excluded if they underwent a local excision, if they received solely 
neoadjuvant chemotherapy or neoadjuvant radiotherapy, or if they had baseline metas-
tases diagnosed within 30 days after the primary removal.

Statistical analyses
Non-normally distributed data were reported as the median with its interquartile range, 
indicating the 25% and 75% boundaries, whereas normally distributed data were 
reported as the mean with its standard deviation. A chi-square test was used to com-
pare the dichotomous outcomes, whereas a Mann Whitney U test was used to detect 
statistically significant differences between two medians or means. A P-value of 0.05 or 
less was considered statistically significant. SPSS (IBM Corp. Released 2013. IBM SPSS 
Statistics for Macintosh, Version 24.0. Armonk, NY: IBM Corp.) was used for all statisti-
cal analyses.
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Results
A total of 204 patients were included, of whom 30 had presumed AJCC stage I disease. 
These 30 patients did not receive neoadjuvant therapy and had (unexpected) positive 
lymph nodes on surgical pathology. The remaining 174 patients had clinical AJCC stage 
III and received neoadjuvant chemoradiation therapy. The pathology report of 62 pa-
tients of these patients revealed persistent lymph node involvement (cN+ypN+), where-
as 112 patients had  negative lymph nodes on pathology (cN+ypN0). 

Baseline characteristics
There were no statistically significant differences in baseline characteristics between the 
clinical stage I and the clinical stage III groups, including demographics such as age, 
BMI, ethnicity, intoxications, and comorbidities. Although not significantly different, 
53.3% of the clinical stage I patients were female, in contrast to 37.9% of the clinical 
stage III patients (P=0.112). Operative duration and admission duration were also com-
parable for the two groups.

The use of preoperative imaging modalities was significantly different between clin-
ical stage I and clinical stage III patients. The latter group underwent more CT scans 
(97.1% vs. 90%; P=0.063), MRI scans (88.5% vs. 66.7%; P=0.002), PET-scans (21.3% 
vs. 6.7%; P=0.060), as well as  endorectal ultrasounds (19.5% vs. 13.3%; P=0.420). 

Comparing clinical stage I patients to the subgroups of patients with and without per-
sistent nodal disease after neoadjuvant therapy (cN+ypN+ / cN+ypN0) did not demon-
strate any differences in previously mentioned characteristics, aside from previously 
mentioned differences in the use of preoperative imaging. Table 1.

Surgical pathology characteristics
Seventeen (56.7%) of the assumed clinical stage I patients turned out to have transmural 
disease. Depth of tumor invasion in the pathologic specimen differed significantly be-
tween clinical stage I (pN+) and clinical stage III patients with no positive lymph nodes 
on pathology (ypN0) (Table 2). Comparing the tumor depth of clinical stage I patients 
to that of clinical stage III patients with persistent nodal involvement demonstrated no 
significant differences (P=0.675).

Clinical stage I patients had significantly higher rates of the following features 
when compared to patients with a complete nodal response but with residual tumor 
(cN+ypT+N-): EMVI (P<0.001), large vessel invasion (P<0.001), perineural invasion 
(P=0.004), and small vessel invasion (P<0.001). Compared to the cN+ypN+ patients, 
only small vessel invasion was significantly more often present the clinical stage I pa-
tients (53.3% vs. 9.8%; P<0.001).  Table 2. 
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Table 1. Baseline characteristics
Clinical stage I All clin III patients cN+ ypN+ cN+ ypN0

n = 204 30 174 62 112

Sex, Female 16 (53.3%) 66 (37.9%) 26 (41.9%) 40 (35.7%)

Age 61 (43.9 – 70.7) 54.9 (49.3 – 65.7) 55.1 (49.1 – 67.4) 54.9 (48.8 – 65.4)

BMI 26.8 (24.2 – 31.5) 26.2 (23.9 – 30.0) 26.9 (24.8 – 30.0) 25.9 (23.5 – 30.1)

Ethnicity, White 27 (93.1%) 151 (87.3%) 51 (82.3%) 100 (90.1%)

ASA-score 2.03 +- 0.56 2.14 +- 0.47 2.15 +- 0.54 2.14 +- 0.42

Intoxications

   Smoking 

      Ever 15 (50%) 86 (49.4%) 25 (40.3%) 61 (54.5%)

      Current 1 (3.3%) 17 (9.8%) 3 (4.8%) 14 (12.5%)

   Alcohol 

      Social (<4/day) 17 (56.7%) 103 (59.2%) 36 (58.1%) 67 (59.8%)

      Abuse (>3/day) 2 (6.7%) 19 (10.9%) 3 (4.8%) 16 (14.3%)

Surgical procedure

   APR a 7 (23.3%) 42 (24.1%) 17 (27.4%) 25 (22.3%)

   LAR a 22 (73.3%) 126 (72.4%) 43 (69.4%) 83 (74.1%)

   PE a 0 (0%) 5 (2.9%) 2 (3.2%) 3 (2.7%)

   TP a 1 (3.3%) 1 (0.6%) 0 (0%) 1 (0.9%)

Surgery duration 173 (142 – 238) 188 (124 – 239) 188 (130– 231) 190 (123 – 250)

Adm duration 4 (3.8 – 5) 4 (3 – 6) 4 (3 – 6.3) 4 (3 – 5.8)

Preop imaging

   CT 27 (90%) 169 (97.1%) 60 (96.8%) 109 (97.3%)

   MRI 20 (66.7%) 154 (88.5%) ** 52 (83.9%) 102 (91.1%)***

   PET 2 (6.7%) 37 (21.3%) 19 (30.6%)** 18 (16.1%)

   US 4 (13.3%) 34 (19.5%) 14 (22.6%) 20 (17.9%)

* P<0.05 ** P<0.01 ***P<0.001, significance levels of difference between clinical stage I patients and 

all clinical stage III patients/cN+ypN+ patients / cN+ypN0 patients. There was no significant difference 

between the groups when there is no asterisk stated.

a APR: Abdominoperineal resection, LAR: low anterior resection, PE: pelvic excenteration, TP: total proc-

tocolectomy
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Table 2. Pathologic characteristics
Clinical Stage I Clinical Stage III III node + III node -

n = 204 30 174 62 112

Pathologic AJCC 
Staging

   Stage 0 0 35 (20.1%) 25 (31.3%)

   Stage I 0 37 (21.3%) 37 (33%)

   Stage II 0 40 (23%) 40 (35.7%)

   Stage III 30 (100%) 62 (35.6%) 62 (100%) 0 (0%)

   Stage IV n/a n/a n/a

pT stage

   pT0 2 (6.7%) 36 (20.7%) 4 (6.5%) 32 (28.6%)

   pT1 4 (13.3%) 11 (6.3%) 3 (4.8%) 8 (7.1%)

   pT2 7 (23.3%) 45 (25.9%) 16 (25.8%) 29 (25.9%)

   pT3 15 (50%) 73 (42%) 36 (58.1%) 37 (33%)

   pT4 2 (6.7%) 6 (3.4%) 3 (4.8%) 3 (2.7%)

   pTis 0 (0%) 3 (1.7%) 0 (0%) 3 (2.7%)

Lymph nodes

   Examined 16.5 (13.8 – 23.3) 16 (13 – 23) 16 (12 – 25.3) 17 (13 – 22)

   Positive 1 (1 – 4) 0 (0 – 1) *** 2 (1 – 3.3) 0 ***

N = 30 80 (excl. ypT0N0)

EMVI 12 (40%) 19 (10.9%) *** 15 (24.2%) 4 (5%) ***

High Grade disease 3 (10%) 13 (7.5%) 11 (17.7%) 2 (2.5%)

Large vessel invasion 11 (36.7%) 16 (9.2%)*** 12 (19.4%) 4 (5%) ***

   Suspicious 0 (0%) 1 (0.6%) 1(1.6%)

Perineural invasion 11 (36.7%) 25 (14.4%)** 15 (24.2%) 10 (12.5%) **

Small vessel invasion 16 (53.3%) 17 (9.8%)*** 11 (17.7%) *** 6 (7.5%) ***

   Suspicious 0 (0%) 6 (3.4%) 5 (8.1%) 1 (1.3%)

*P<0.05 **P<0.01 ***P<0.001
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Long-term outcomes
Twenty percent of the patients with unexpected nodal disease developed distant metas-
tases in follow-up, in contrast to 29% of the cN+ypN+ patients (P=0.355) and 8.9% of 
the cN+ypN0 patients (P=0.089). Local recurrence rates were similar for clinical stage 
I and ypN+ patients (6.7% vs. 8.1% respectively; P=0.813), whereas only 0.9% of the 
ypN0 patients developed a local recurrence (compared to clinical stage I, P=0.051). 
Rectal cancer death rates were comparable for clinical stage I and ypN+ patients, 
16.7% and 12.9% respectively (P=0.627), whereas only 1 of the 112 ypN0 patients 
died from rectal cancer (compared to clinical stage I, P=0.011).
Kaplan Meier curves for recurrent disease free survival, comparing clinical stage I, 
ypN+, and ypN0 patients, showed that ypN0 patients had a better DFS than clinical 
stage I patients, who in turn had a better survival than ypN+ patients (Log Rank=0.001, 
fig 1).

Rectal cancer death survival curves showed an outcome in line with the previously 
mentioned rectal cancer death rates; patients with ypN0 had a significantly better sur-
vival curve than patients with clinical stage I disease and than patients with ypN+ (Log 
rank = 0.039, fig 2).

Table 3. Long-term outcomes

Clinical stage I Clinical stage III III node + III node -

n = 204 30 174 62 112

Adjuvant therapy 100% 100% 100% 100%

   Chemotherapy 100% 100% 100% 100%

   Radiotherapy 20 (66.7%) 3 (1.7%)*** 1 (1.6%)*** 2 (1.8%)***

Distant metastasis 6 (20%) 28 (16.1%) 18 (29%) 10 (8.9%)

Local recurrence 2 (6.7%) 6 (3.4%) 5 (8.1%) 1 (0.9%)

Recurrent disease 6 (20%) 30 (17.2%) 19 (30.6%) 11 (9.8%)

Rectal cancer 
death

5 (16.7%) 13 (7.5%) 8 (12.9%) 5 (4.5%) *

Recurrent DFS 
(mths)

31.8 (10.5 – 72.7) 30.9 (15.9 – 59.0) 23.6  (10.3 – 46.9) 35.5 (17.9 – 66.7)

Deceased 10 (33.3%) 27 (15.5%) * 12 (19.4%) 15 (13.4%) *

Overall survival 
(mths)

48.6 (29.8 – 80.1) 41.1 (22.0 – 70.3) 37.4 (19.5 – 57.4) 44.3 (22.5 – 75.2)

Follow-up (mths) 48.4 (21.3 – 78.7) 37.0 (19.8 – 65.4) 34.7 (18.0 – 54.8) 41.4 (20.1 – 70)

* P<0.05 **P<0.01 ***P<0.001
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Figure 1. Recurrent disease free survival

Figure 2. Rectal cancer death

NaR: Number at risk
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Multivariable analyses
Multivariable analyses were only performed for differences between the clinical stage 
I and the ypT0 patients, since none of the long-term outcomes were statistically signifi-
cant different between clinical stage I and ypN+ patients. 

Odds of local recurrence were significantly higher for clinical stage I patients com-
pared to ypT0 patients, adjusted for possible confounders including age, gender, ASA-
score, EMVI, depth of tumor invasion, and perineural invasion (OR=13.38, 95% CI 
1.15 – 156.1; P=0.039). Odds of rectal cancer death were four times higher for clinical 
stage I patients in univariable analysis (OR=4.28, 95%CI 1.15-15.92; P=0.030) and 
decreased after correcting for the aforementioned potential confounders (OR=2.93, 
95%CI 0.74-11.56; P=0.12). Although the univariable Hazard Ratio of overall survival 
was 2.25 for clinical stage I patients (95%CI 1.01 – 5.01; P=0.047), the clinical stag-
ing did not reach statistical significance in multivariable analysis for overall survival 
(P=0.134), similarly to the uni- and multivariable hazard models of recurrence free 
survival and disease specific survival.
 
Discussion
This study assessed short and long-term oncological outcomes of non-neoadjuvantly 
treated patients with unexpected lymph node involvement on pathology. The outcomes 
of these patients were comparable to the outcomes of patients with persistent nodal dis-
ease after neoadjuvant therapy for expected nodal involvement. However, the outcomes 
of the clinical stage I patients were significantly inferior to the outcomes of those stage 
III patients who subsequently had negative lymph nodes on pathology after neoadjuvant 
chemoradiation. These results confirm that patients with unexpected nodal disease were 
undertreated for their systemic disease.

Previous literature on undertreatment of stage III patients demonstrated varying out-
comes. A SEER-based study found that patients with persistent lymph node involvement 
after neoadjuvant chemoradiation (ypN+) had a higher overall and rectal cancer spe-
cific mortality than patients with pathological stage III disease (pN+) who were treated 
with postoperative chemoradiation7. These findings are not supported by this current 
study, as the survival rates in this study were significantly higher for the clinical stage 
I patients with unexpected disease (pN+), compared to ypN+ patients. Furthermore, 
the increase in overall and rectal cancer specific mortality in the previously mentioned 
study was based on multivariable hazard ratios, not accounting for specific pathologic 
characteristics such as perineural invasion, which is a known predictor for long-term 
oncologic outcomes8. Another study matched clinical stage III patients who received 
neoadjuvant chemoradiation to patients with pathologic stage III who received adju-
vant therapy. In that study, the neoadjuvant therapy patient group demonstrated a better 
disease free and overall survival9. However, unlike the current study, the authors did not 
divide the group of neoadjuvantly treated patients based on their response to the pre-
operative therapy; only 27.7% of their patients had persistent nodal disease and almost 
10% of the clinical stage III patients showed a pathologic complete response (PathCR). 
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Nodal response and PathCR are known predictors of significantly better outcomes 
and not distinguishing these patients might have biased the findings of their study10–13. 
Furthermore, the study design, a matched cohort, might be less of a reflection of the 
actual situation than the consecutive cohort used in the current study. There are, to our 
knowledge, no trials comparing the outcomes of patients with locally advanced rectal 
cancer who received solely adjuvant treatment to the outcomes of patients with locally 
advanced disease who received a combined treatment of neoadjuvant chemoradiation 
and adjuvant chemotherapy. This is presumably due to the shifting in timing of addition-
al therapy. Nowadays, it would be unethical to design a trial to compare solely post-
operative to pre- and postoperative additional treatment, as preoperative treatment has 
proven to increase local control, reduce toxicity and might improve disease free surviv-
al, compared to postoperative therapy1,2. 

The prevalence of pathologic factors such as lymphovascular invasion or perineural 
invasion was significantly higher in understaged patients.  The presence of these factors 
after administration of neoadjuvant therapy is proven to be a poor prognostic sign with 
a higher chance of disease recurrence14. While there is some evidence that response of 
EMVI to neoadjuvant therapy is related with improved long term outcomes15, the re-
sponse of other pathological factors to neoadjuvant therapy has not been studied exten-
sively, as these factors are difficult to assess on pretreatment imaging. 

This current study suggests that the addition of neoadjuvant treatment to adjuvant 
treatment results in favorable outcomes compared to the administration of adjuvant 
therapy alone.  Although presumably not all clinical stage I patients would have had 
a complete nodal response to the neoadjuvant therapy, a certain number of patients 
would most likely have had a response to the preoperative treatment, with associated 
improved outcomes10–12. The reason why patients with unexpected nodal disease were 
understaged is potentially correlated to the fact that they underwent fewer MRI scans. 
MRI has proven to accurately indicate the tumor and nodal stage of rectal cancer16–19, 
albeit with restrictions regarding the use of lymph node size as a predictor3,20. The lower 
use of MRI scans could be explained by the distribution of the clinical stage I patients 
over the included timeframe: 22 of these patients (73.3%) were diagnosed between 
2004 and 2009, whereas there were only one to two cases every year after 2009. This 
is most likely due to a reduction in the use of endoscopic ultrasound for staging and a 
subsequent increase in the use of MRI at about that time.

A crucial limitation of this study is that the preoperative lymph node status of the clin-
ical stage III pathologically node negative patients will never be certain. It has been 
demonstrated that lymph nodes respond to neoadjuvant therapy10–12, and to date there 
is no method to detect the false positive cases on surgical pathology after preoperative 
treatment. Clinical stage III patients, with an intramural tumor and presumed nodal 
involvement who subsequently turn out to be node negative may be over treated with 
neoadjuvant chemoradiation, which should be a subject of future research.

Another limitation in our study was the sample size of the clinical stage I patients 
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with unexpected positive lymph nodes on pathology. This resulted in several statistical 
insignificant findings, although some provide clinical significance. Additionally, there 
are the limitations inherent to a retrospective single center design, such as potential 
limited external validity. Although not all patients received their adjuvant therapy at this 
hospital, the imaging and the surgical procedure might be difficult to extrapolate. Fur-
thermore, it would be interesting to see whether patients with clinical stage I rectal can-
cer who turn out to have pathologically stage II rectal cancer would show improvement 
if chemo(radio)therapy is applied before primary removal. However, since our database 
includes less than 10 of these patients, these patients are not included in our analyses.

Conclusion
Patients with lymph node positive rectal cancer who did not receive neoadjuvant treat-
ment due to understaging had significantly worse outcomes than patients who had 
no positive lymph nodes after neoadjuvant treatment for clinical stage III disease. The 
understaged patients had higher rates of local recurrence and disease specific and over-
all mortality. If accurately staged, a certain number of these patients with unexpected 
nodal disease would presumably have had a nodal response to neoadjuvant therapy 
and better long-term outcomes. More research regarding identifying patients who will 
be treatment susceptible is needed.
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Abstract
Background
General population screening for colorectal cancer starts at 50 and incidence rates of 
rectal cancer in patients over 50 years old are decreasing. However, incidence of rectal 
cancer under age 50 is increasing. This paper analyses short and long-term outcomes 
for rectal cancer patients under 50 years of age.

Methods
Retrospective analyses of consecutive patient cohort, who all received surgical treat-
ment for primary rectal adenocarcinoma at a single institute. Outcomes were stratified 
based on age under or over 50 at the time of surgery.

Results
A total of 582 patients was included, of whom 125 were younger than 50. ASA-score 
was higher for older patients, with no other significant differences in baseline charac-
teristics. AJCC-staging, based on surgical pathology, differed significantly due to higher 
stage II-rate in the older group and higher stage III- and IV-rates in the younger group. 
Percentages of high-grade disease, small vessel-, and perineural invasion were higher 
for younger patients. Stage-for-stage oncologic survival analyses did not demonstrate a 
significant difference between younger and older patients. Additionally, an age under/
over 50 did not have a significant effect in multivariable analyses for disease free-, and 
disease specific survival.

Conclusions
Patients who present with rectal cancer under the age of 50 do not seem to have more 
aggressive disease, while they present with more advanced disease when compared to 
patients older than 50. Identifying young people at risk of developing rectal cancer and 
start screening earlier in a selective group might improve disease stage on presentation.



Chapter 4: Rectal cancer in patients under 50 years of age

59

 4

Introduction
Colorectal cancer in the United States is most frequently diagnosed between the ages 
65 and 74, with a median age of 68 at time of diagnosis1. Taking this into account, the 
United States Preventive Services Task Force advised general population screening to 
begin at age 50. Colonoscopies appear to clearly impact the number of patients with 
rectal cancer and the incidence of patients with rectal cancer over the age of 50 is 
declining. However, the incidence is unfortunately increasing in patients under 50 years 
of age2.  There is evidence of worse outcomes for patients with colon cancer in the 
under 50 age group3, while the evidence on outcomes for young rectal cancer patients 
is scarce4. 

This study analyses tumor characteristics and long-term outcomes for patients who 
present with rectal cancer under the age of 50.
 
Methods
Patients
A retrospective review was performed on a consecutive series of patients with biopsy 
proven, primary, invasive adenocarcinoma of the rectum. All included patients received 
surgical treatment with an R0-resection and were operated on at the Massachusetts 
General Hospital between 2004 and the end of 2015. The patients were retrieved from 
an IRB-approved, prospectively maintained dataset. Data were derived from in- and 
outpatient records, as well as the national death registry. Patients were excluded if they 
did not receive staging scans, or when the outcome of the scan was not reported. Fur-
thermore, patients were excluded when the surgical resection margins were not clear of 
tumor (i.e. R1/R2-resection).

Baseline characteristics, pathological and clinical long term outcomes were stratified 
based on whether the patient was younger or older than 50 years of age at the time of 
surgery.

Statistical analyses
Demographics and dichotomous outcome data were compared as proportions using 
the Chi-square test and categorical and continuous variables were compared using 
the Mann-Whitney U test. Long-term outcomes were separately calculated for all 5 
pathological AJCC stages (using the 7th edition of the AJCC, Stage 0 – Stage IV) and 
compared between patients under and over the age of 50. Survival analyses were done 
using the Kaplan Meier method, in which survival curves were compared using the Log-
Rank test. To assess the effect of age on long-term oncologic outcomes, correcting for 
potential confounders, Cox regression analyses were performed. Risk factors/Confound-
ers related to outcome of interest were identified using univariate analyses. If the p-val-
ue in univariate analysis reached the threshold of P≤0.25, the risk factor was selected 
for multivariable analysis. By applying the purposeful selection method5, the impact of 
age under or over 50 years on the outcome of interest was assessed.
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Results
A total of 582 patients met inclusion criteria, of whom 125 patients were younger than 
50 years at the time of the surgical treatment for their primary rectal carcinoma. The 
mean ASA-score was 2.30 for older patients was significantly higher then the ASA-score 
of 2.07 for younger patients (P<0.001). There were no differences in other baseline 
characteristics including gender, ethnicity, BMI, and smoking status. The proportion of 
patients diagnosed through screening was higher in the older patient group (21.9% vs. 
<50y 4.8%; P<0.001). The percentage of patients who received neoadjuvant therapy 
was comparable (<50y: 72.8% vs. ≥50y: 68.3%; P=0.331) as was the operative duration 
(P=0.300). Median admission duration was one day longer for older patients (5 days 
[IQR: 4-7] vs. <50y: 4 days [IQR: 3-6]; P=0.013). Table 1.

Table 1. Baseline characteristics
Whole cohort Younger than 50 years Older than 50 years P-Value

N= 582 125 457

Gender, Female 231 (39.7%) 56 (44.8%) 175 (38.3%) 0.188

Ethnicity,White 450 (77.3%) 93 (74.4%) 357 (78.1%) 0.379

Age 60.4 (51.4-72.2) 44.3 (40.2-47.8) 64.5 (56.7-74.8) <0.001

ASA-score  ± SD 2.25 +- 0.53 2.07 +-0.43 2.30 +- 0.55 <0.001

BMI 26.4 (23.4–30.1) 26.0 (23.1 – 30.1) 26.6 (23.7 – 30.1) 0.326

Screening 106 (18.2%) 6 (4.8%) 100 (21.9%) <0.001

Smoking, current 74 (12.7%) 17 (13.6%) 57 (12.5%) 0.737

Neoadjuvant treatment 403 (69.2%) 91 (72.8%) 312 (68.3%) 0.331

   Chemo 374 (64.3%) 89 (71.2%) 285 (62.4%) 0.068

   Radiotherapy 387 (66.5%) 85 (68%) 302 (66.1%) 0.687

Operative duration 200 (128.8-250) 202 (136.5 – 279.0) 200 (127.5 – 248.5) 0.300

Admission duration 5 (4-7) 4 (3-6) 5 (4-7) 0.013

Surgical pathology outcomes
AJCC stage based on surgical pathology was significantly different between both groups 
(P=0.006), mainly due to a higher Stage III and Stage IV rate in the younger group 
(27.2% vs. 23.9%, and 23.2% vs. 12.4%, respectively). Significantly more patients in 
the younger patient group had lymph node positive disease (44% vs. ≥50y: 31.5%; 
P=0.009). Rates of large vessel invasion and more specifically extramural venous inva-
sion were comparable for both groups, whereas the rates for small vessel invasion and 
high grade disease were slightly higher for younger patients, although not statistically 
significant. Additionally, the perineural invasion rate was noticeably higher for younger 
patients (26.4% vs. 19.0%; P=0.071). Table 2.



Chapter 4: Rectal cancer in patients under 50 years of age

61

 4

Table 2. Surgical pathology
Whole cohort Younger than 50 years Older than 50 years P-Value

N= 582 125 457

Path AJCC staging 0.006

   ypStage 0 58 (9.9%) 9 (7.2%) 49 (10.7%)

      Pathologic CR 55 (9.4%) 9 (7.2%) 46 (10.0%) 0.332

      ypTisN0 3 (0.5%) 0 (0%) 3 (0.7%)

   Stage I 179 (30.8%) 38 (30.4%) 141 (30.4%)

   Stage II 116 (19.9%) 15 (12.0%) 101 (22.0%)

   Stage III 143 (24.6%) 34 (27.2%) 109 (23.9%)

   Stage IV 86 (14.7%) 29 (23.2%) 57 (12.4%)

pN+ 199 (34.2%) 55 (44.0%) 144 (31.5%) 0.009

EMVenousInv 89 (15.3%) 19 (15.2%) 70 (15.3%) 0.974

High Grade disease 43 (7.4%) 12 (9.6%) 31 (6.8%) 0.286

Large vessel invasion 124 (21.3%) 25 (20.0%) 99 (21.7%) 0.687

Small vessel invasion 124 (21.3%) 30 (24.0%) 94 (20.6%) 0.406

Perineural invasion 120 (20.6%) 33 (26.4%) 87 (19.0%) 0.071

 
Long-term outcomes
The overall rate of administration of adjuvant chemotherapy was higher for young 
patients (72.8% vs. 56.2%; P=0.001) and this difference was noticeable over all AJCC 
stages. 

The overall proportions of patients who developed long term distant metastases (only 
focusing on patients without baseline metastases) did not differ significantly between 
both age groups (P=0.893), while the distant recurrence rate seemed to be modestly 
higher for the younger stage II patients. The overall local recurrence rate was slightly 
higher for the younger patients (7.2% vs. ≥50y: 5.0%; P=0.346), which was mainly due 
to relatively more local recurrences for younger patients with stage III or stage IV dis-
ease. Recurrent disease free survival was significantly longer for the younger patients, 
and when comparing the age groups stage for stage this finding held true.  

More young patients died due to rectal cancer (15.2%) in comparison to 9.6% of the 
older patients, with the largest difference in patients with stage IV disease (<50y: 48.3% 
vs. ≥50y: 36.8%; P=0.308). The overall mortality was higher in older patients (26.9% 
vs. <50y: 19.2%; P=0.079), with longer median overall survival duration for the young-
er patients (44.2 months vs. ≥50y: 35.4 months; P=0.094). Table 3.

Kaplan Meier survival analyses for disease free survival and disease specific survival 
demonstrated no significant differences between patients under and over 50 when com-
paring them stage for stage. (Fig. 1 and Fig. 2)
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Table 3. Long-term outcomes
Whole cohort Younger than 50 years 50 years or older P-Value

Adjuvant chemotherapy 348 (59.6%) 91 (72.8%) 257 (56.2%) 0.001

     yp Stage 0 * 49 (84.5%) 9 (100%) 40 (81.6%) 0.328a

      Stage I * 55 (30.7%) 16 (42.1%) 39 (27.7%) 0.087

      Stage II * 75 (64.7%) 14 (93.3%) 61 (60.4%) 0.013

      Stage III * 107 (74.8%) 29 (85.3%) 78 (71.6%) 0.107

      Stage IV * 62 (72.1%) 23 (79.3%) 39 (68.4%) 0.287

Baseline metastasis 86 (14.7%) 29 (23.2%) 57 (12.4%) 0.003

Longterm distant recurrence 60 (12.1%) 12 (12.5%) 48 (12.0%) 0.893

     yp Stage 0 2 (3.4%) 0 (0%) 2 (4.1%) 1a

      Stage I 11 (6.1%) 2 (5.3%) 9 (6.4%) 1a

      Stage II 18 (15.5%) 3 (20.0%) 15 (14.9%) 0.701a

      Stage III 29 (20.1%) 7 (20.6%) 22 (20.2%) 0.959

Local recurrence 32 (5.5%) 9 (7.2%) 23 (5.0%) 0.346

     yp Stage 0 1 (1.7%) 0 (0%) 1 (2.0%) 1a

      Stage I 7 (3.9%) 1 (2.6%) 6 (4.3%) 1a

      Stage II 7 (6.0%) 0 (0%) 7 (6.9%) 0.592a

      Stage III 9 (6.3%) 3 (8.8%) 6 (5.5%) 0.444a

      Stage IV 8 (9.3%) 5 (17.2%) 3 (5.3%)

Rectal cancer death 63 (10.8%) 19 (15.2%) 44 (9.6%) 0.076

      yp Stage 0 0 0 0 n/a

      Stage I 3 (1.7%) 0 (0%) 3 (2.1%) 1a

      Stage II 12 (10.3%) 2 (13.3%) 10 (9.9%) 0.653a

      Stage III 13 (9.1%) 3 (8.8%) 10 (9.2%) 1a

      Stage IV 35 (40.7%) 14 (48.3%) 21 (36.8%) 0.308

Median Recurrent DFS, 
months (IQR) 

27.4 (11.8-61.3) 39.3 (14.1-79.4) 24.2 (10.9-58.6) 0.019

      yp Stage 0 43.9 (14.3-73.9) 62.4 (23.5-94.1) 43.7 (14.2-70.6) 0.373

      Stage I 28.5 (12.6-65.2) 46.7 (14.4-85.8) 24.3 (10.4-58.3) 0.054

      Stage II 31.2 (13.3-59.6) 38.3 (15.0-101.7) 31.2 (12.4 – 58.5) 0.402

      Stage III 19.3 (9.9 – 52.5) 27.5 (11.3-59.2) 18.0 (9.7 – 48.9) 0.231

Time to rectal cancer death 31.4 (17.8 – 47.3) 31.1 (17.2 – 49.5) 33.0 (18.7 – 45.0) 0.970

      yp Stage 0 n/a n/a n/a n/a

      Stage I 26.3 (18.6 – 119.8) n/a 26.3 (18.6 - …) n/a

      Stage II 25.9 (21.6 – 70.3) 24.2 (19.8 - …) 39.3 (23.1 – 71.0) 0.364

      Stage III 40.4 (28.8 – 53.0) 44.4 (40.4 - …) 36.3 (27.5 – 64.9) 0.499

      Stage IV 23.2 (13.4 – 43.8) 25.5 (14.8 – 50.5) 23.2 (12.2 – 41.1) 0.414
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Overall Mortality 147 (25.3%) 24 (19.2%) 123 (26.9%) 0.079

      yp Stage 0 4 (6.9%) 0 (0%) 4 (8.2%) 1a

      Stage I 26 (14.5%) 1 (2.6%) 25 (17.7%) 0.019

      Stage II 33 (28.4%) 3 (20%) 30 (29.7%) 0.550a

      Stage III 40 (28.0%) 3 (8.8%) 37 (33.9%) 0.004

      Stage IV 44 (51.2%) 27 (58.6%) 27 (47.4%) 0.324

Overall Survival duration, 
months

38.0 (18.0 – 70.0) 44.2 (19.8 – 76.1) 35.4 (17.9 – 67.2) 0.094

      yp Stage 0 59.8 (17.7-87.6) 63.5 (17.4-87.8) 59.6 (17.4-87.8) 0.822

      Stage I 39.9 (16.7-75.4) 56.0 (17.7-90.8) 31.4 (15.5-70.5) 0.122

      Stage II 46.8 (26.4-74.3) 55.8 (28.6-103.3) 46.6 (24.9-71.7) 0.383

      Stage III 31.6 (16.1 – 62.9) 44.3 (21.1-80.5) 28.6 (14.7-57.7) 0.072

      Stage IV 26.8 (17.4 – 45.7) 30.1 (16.2 – 51.0) 26.4 (18.4 – 42.7) 0.895

FU Duration 31.9 (15.0 - 62.7) 42.7 (16.9 – 74.6) 30.3 (14.4 – 59.7) 0.007

      yp Stage 0 45.2 (14.8-76.9) 63.3 (23.8-95.5) 44.8 (14.8-75.1) 0.459

      Stage I 32.3 (13.9-68.1) 55.8 (14.8-88.4) 26.6 (12.4 – 64.0) 0.041

      Stage II 38.6 (18.5-69.9) 44.1 (24.2-103.2) 37.2 (18.2-65.3) 0.220

      Stage III 25.8 (12.2 – 58.2) 43.4 (20.9-80.4) 24.1 (10.6-54.2) 0.018

      Stage IV 26.3 (16.2 – 43.4) 26.3 (15.0 – 50.2) 26.2 (16.6 – 41.8) 0.819

* Pathology stage

Patients with baseline metastases were excluded from the ‘Longterm distant recurrence’ and the ‘Median 

recurrent DFS’ analyses.

Table 4. Multivariable analyses for oncologic outcomes
Whole cohort Younger than 50 years Older than 50 years

Predictor HR P-value

Disease free survival Ethnicity, white 0.481 0.005

BMI 1.036 0.088

Screening 2.342 0.049

AJCC stage on pathology 1.41 0.012

Extramural venous inv 2.274 0.013

Perineural inv 1.676 0.071

Disease specific survival Ethnicity, white 0.567 0.044

ASA-score 1.594 0.042

AJCC stage on pathology 2.490 <0.001

Extramural venous inv 2.042 0.024

Small vessel invasion 1.727 0.052

Perineural invasion 1.487 0.189
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Multivariable analyses
Multivariable Cox regression analyses for disease free survival and disease specific 
survival demonstrated no significant effect of age under or over 50 on these outcomes, 
while several other variables appeared to be strong predictors of these outcomes. See 
Table 4. 

Figure 1. Disease free survival

AJCC Stage Log-Rank value

yp Stage 0 0.547

Stage I 0.560

Stage II 0.841

Stage III 0.849
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Figure 2. Disease specific survival

AJCC Stage Log-Rank value

yp Stage 0 n/a

Stage I 0.350

Stage II 0.907

Stage III 0.535

Stage IV 0.518
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Discussion
SEER analyses demonstrated a decreasing incidence of rectal cancer in patients over 
50 years of age, which is partly ascribed to the implementation of population screening 
programs which start at age 501,2 . However, the incidence of patients under the age of 
50 is increasing2. As there is evidence that young patients with colon cancer have worse 
outcomes compared to those who are older than 503, this paper assessed oncologic 
outcomes for young patients with rectal cancer and found that there were no significant 
differences in oncologic outcomes when comparing patients under and over 50 in a 
stage for stage fashion. Furthermore, disease free survival and disease specific survival 
were not significantly influenced by age under or over 50 when correcting for other risk 
factors and confounders.

Our study divided the cohort at age 50 or rather the age that screening begins, 
whereas the greater share of the contemporary literature on rectal cancer in young pa-
tients focused on patients younger than 40 years, which leaves a 10 year gap between 
investigated patients and patients who receive screening. Furthermore, many studies 
focus on the combination of colon and rectal cancer, while this study only included 
patients with rectal cancer.

The main finding of this study is that younger patients present with later stage dis-
ease, which is in concordance with previous studies6–8, although there is also data 
demonstrating no difference in disease stage on presentation9. The higher percentages of 
lymph node positive – and metastatic disease in the younger patients probably reflects 
a delay in diagnosis related to lack of screening and awareness, as comparing these 
patients to patients with comparable disease stage in the older age group did not reveal 
significant differences in oncologic survival outcomes.

Although a large review, performed by O’Connell and colleagues4, described more 
aggressive tumors in patients with colorectal cancer under the age of 40, the current 
study could not detect significant differences in tumor characteristics between patients 
under and over age 50, besides a non-significantly higher rate of perineural invasion 
and a minimal higher prevalence of small vessel invasion and high grade disease in 
the younger patients. The presence of perineural invasion is a well known predictor of 
worse long term oncologic outcomes10–12 and patients who present with stage IV disease 
are more likely to have perineural invasion than patients  who present with stage II or 
stage III disease10. The difference in tumor associated findings might be due to the fact 
that O’Connell and colleagues also included non-surgically treated patients, only 5 out 
of the 55 included articles included patients who received (neo)adjuvant therapy, and 
they did not perform separate analyses for rectal cancer patients.

In our multivariable analyses, (the lack of) screening appeared to be a stronger pre-
dictor of disease recurrence than extramural venous invasion. This might be explained 
by the finding that patients diagnosed through screening are often diagnosed with less 
advanced tumors13, subsequently resulting in a lower chance of disease recurrence. 
The patients under the age of 50 in the current cohort might have benefited from earlier 
screening programs. However, the incidence of rectal cancer in people under the age of 
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50 remains low and the number of colonoscopies and the cost and the morbidity spent 
associated with lowering the age of screening is daunting. Selectivity will be the key 
to determining which patients under the age of 50 should be screened. Patients with 
pre-determined risk factors should receive screening to increase chances of identifying 
disease earlier. 

The idea that lowering the screening age might be beneficial is not a new concept. 
Davis et al14 for instance recommended screening colonoscopy for colorectal cancer 
from the age of 40 on, based on their SEER database analyses. Cha et al. recommended 
individualizing the age threshold for diagnostic colonoscopy in patients under the age 
of 50 for different symptoms categories15. However, these recommendations were based 
on outcomes for colon and rectal cancer combined and recommended screening colo-
noscopy, which would prove to be extremely expensive and is a potential risk factor for 
morbidity. 

Limitations
This study has limitations inherent to its retrospective character, such as the disability to 
demonstrate causality instead of associations. Additionally, as this study was conducted 
in a tertiary care center, there is the risk of referral bias. However, the subset of patients 
who were under the age of 50 when diagnosed with rectal cancer is relatively large, 
when compared to contemporary literature. Therefore we think that this group of young 
patients probably gives a good reflection of the patient population with rectal cancer 
under the age of 50, especially those seeking care in academic care centers. 

Furthermore, the question of why the incidence of rectal cancer under the age of 50 
is increasing remains unanswered. Koo and colleagues already described several risk 
factors for colorectal cancer under the age of 50, such as age, current smoking habits, 
and metabolic syndrome16. Nevertheless, more research regarding these risk factors is 
needed.

Further research regarding risk factors, such as genetic mutations, is also needed to 
determine young people at risk of developing rectal cancer. 
 
Conclusion
Patients who present with rectal cancer under the age of 50 do not necessarily have 
more aggressive disease; rather they present with more advanced disease. When assess-
ing oncological long-term outcomes in a stage for stage fashion, there appeared to be 
no significant differences between patients who present when they are younger than 50 
years of age and patients presenting when they are older than 50. Further studies should 
focus on determining risk factors for development of rectal cancer in the population un-
der the age of 50. Decreasing the screening age for patients with these risk factors, the 
stage of disease at presentation and subsequent outcomes should improve.
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Abstract 
Introduction
Multivisceral resection is occasionally needed to obtain clear margins in patients with 
transmural rectal cancer. Most series demonstrate equivalent outcomes between those 
patients who undergo multivisceral resections and those who do not, provided an 
R0-resection is achieved. This study focuses solely on patients who received neoadju-
vant treatment for clinically transmural rectal cancers and underwent a local multivis-
ceral R0-resection.  

Methods
A retrospective, single center analysis of consecutive series of patients who received a 
surgical R0-resection after neoadjuvant treatment for a clinically transmural, non-meta-
static, primary rectal cancer. All patients were operated on between 2004-2015. 

Results
A total of 279 patients was included, of whom 29 patients underwent a local multivis-
ceral R0-resection (LMVR). These patients were more often female and less often diag-
nosed through screening. Pathologic AJCC-staging was significant lower for non-LMVR 
patients, with more favorable tumor characteristics. LMVR patients demonstrated higher 
rates of distant disease recurrence, and impaired survival, even after adjusting for dis-
ease stage.

Conclusion
An R0-resection after neoadjuvant therapy led to comparative local control of disease; 
however, patients with multivisceral resection had more distant recurrence and im-
paired survival, compared to those did not undergo a multivisceral resection. Further 
research should determine optimal postoperative care.
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Introduction
Transmural rectal cancer is, according to the National comprehensive cancer network 
guidelines1, an indication for neoadjuvant therapy. Although the administration of 
preoperative therapy may result in downstaging of these tumors2, a local multivisceral 
resection is at times necessary to secure clear surgical margins. 
Previous authors have demonstrated that R0-resections are paramount for long term 
survival after multivisceral resection for colorectal cancer3. However, prior studies in-
cluded cohorts of patients with either colon or rectal cancer, or patients who did or did 
not receive neoadjuvant therapy. Furthermore, many analyses included patients with R1 
resections.

The aim of this single center cohort study was to assess the impact of local multivis-
ceral R0-resection for clinically transmural rectal cancer on long-term outcomes, in the 
current era of neoadjuvant treatment. 

Methods
Study design & Patients
This study is a retrospective analysis of a consecutive series of patients with a clinically 
transmural, primary rectal carcinoma, who underwent an R0 resection (i.e. all surgi-
cal resection margins being free) between 2004 and end of 2015 at the Massachusetts 
General Hospital in Boston. Patients were retrieved from an IRB-approved single insti-
tute dataset. Suspicion of transmural disease was in all patients based on pretreatment 
CT-scan, MRI, and/or endorectal ultrasound. All included patients received neoadjuvant 
therapy, according to NCCN guidelines for locally advanced rectal cancer. Neoadjuvant 
therapy consisted of either short course radiotherapy or long course chemoradiation 
(5-Fluorouracil/Capecitabine in addition to 45-50.4 Gy radiation). Adjuvant therapy 
comprised of 4 to 6 months of FOLFOX after clearance from the surgeon.  Ten patients 
received FOLFOX upfront due to large/initially unresectable tumors.
Surgical treatment would be performed in an open, laparoscopic, laparoscopic-assisted, 
or hand-assisted fashion.

Patients with baseline metastases diagnosed before or within 30 days after primary 
surgery were excluded, as well as patients who underwent a local multivisceral resec-
tion for reasons other than to obtain clear surgical margins or who received a concur-
rent distant multivisceral resection during their primary removal. This study compared 
patients with a transmural tumor who underwent a local multivisceral resection to 
patients with a transmural tumor who did not receive any sort of multivisceral resection 
during their primary removal.

Outcomes
The main outcomes of interest were disease recurrence and disease free survival, with 
differences in pathologic characteristics, disease specific death and overall survival as 
secondary outcomes.
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Statistical Analyses
Non-dichotomous data are demonstrated as means and their correlating standard de-
viations for normally distributed variables, or as medians with their interquartile range 
for non-normally distributed variables. Dichotomous data were compared using the 
Chi-squared (X2) test and means and medians were compared using the Mann Whitney 
U-test. Two-tailed tests were used for all analyses. Survival outcomes were evaluated 
using Kaplan Meier tests, which were compared using the log-rank test. 

Multivariable analyses were performed using Cox regression analyses to assess the 
relation local multivisceral resection with recurrence and survival and rectal cancer. 
Models corrected for potential confounders, including age, gender, BMI, ASA, AJCC 
staging on surgical pathology, transmural tumor on pathology, positive lymph nodes on 
pathology, high grade disease, lymphovascular invasion, extramural venous invasion, 
small vessel invasion, perineural invasion, and the administration of adjuvant therapy, 
where applicable. The strongest predictive multivariable models were achieved using a 
backwards elimination procedure. 

All analyses were performed using SPSS version 24.0 (IBM Corp. Released 2013. 
IBM SPSS Statistics for Macintosh, Armonk, NY: IBM Corp.) and a P-value of 0.05 or 
less was considered statistically significant.
 
Results
In this consecutive series, 279 patients underwent an R0-resection for clinical transmu-
ral tumor, of whom 29 patients (10.4%) received a local multivisceral resection (LMVR) 
to ensure clear surgical resection margins. Patients who underwent a LMVR were more 
often female (62.1% vs. 32.4% P=0.002) and less often diagnosed through screening 
(0% vs. 15%; P=0.019). BMI was slightly higher for those who did not undergo a mul-
tivisceral resection (26.6 vs. 24.7; P=0.042), and there were no differences in age and 
comorbidity. Table 1.

Operative duration and admission duration were longer for those who underwent a 
LMVR. Thirty days complication rates, including leakage, bleeding, ileus, pelvic ab-
scess, pneumonia, UTI, and wound infection, did not differ significantly between the 
two groups.

This study found that in 41.4% of the LMVR-patients the multivisceral resection con-
sisted of (at least a partial) vagina resection and 20.7% of all LMVR patients underwent 
a hysterectomy. Twenty four per cent of the LMVR patients got a prostate resection to 
obtain clear surgical margins. Other multivisceral resections included bone, small bow-
el, and seminal vesicles. While 71.3% of the non-LMVR patients underwent a sphincter 
sparing procedure, only 34.5% of the LMVR patients did. Table 1.
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Table 1. Baseline characteristics 
No multivisc resection Local multivisc resection P-Value

N= 279 247 29

Gender, Female 80 (32.4%) 18 (62.1%) 0.002

Age 58.8 (51.3-72.3) 55.5 (43.6-74.1) 0.216

ASA-score 2.24 +- 0.53 2.21 +- 0.412 0.771

BMI 26.6 (24-30.1) 24.7 (21.9- 27.9) 0.042

Smoking

   Current 26 (10.5%) 6 (20.7%) 0.123 a

   Ever 130 (52.6%) 18 (62.1%) 0.335

Alcohol abuse, or history of 32 (13%) 4 (13.8%) 0.778 a

Screening 37 (15%) 0 (0%) 0.019 a

Clinical staging

   Clinically T3 233 (94.3%) 14 (48.3%) <0.001

   Clinically T4 14 (5.7%) 15 (51.7%) <0.001

Neoadjuvant treatment

   Chemotherapy 231 (93.5%) 39 (100%) 0.390 a

   Radiotherapy 247 (100%) 28 (96.6%) 0.105 a

Type multivisceral resection

   Bladder n/a 8 (27.6%)

   Ovaries (BSO) n/a 6 (20.7%)

   Pelvic sidewall n/a 4 (13.8%)

   Prostate n/a 7 (24.1%)

   Uterus n/a 6 (20.7%)

   Vagina n/a 12 (41.4%)

   Other n/a 5 (17.2%)

Operative duration 190 (126-239) 325 (224-437) <0.001

Sphincter sparing procedure 176 (71.3%) 10 (34.5%) <0.001

Admission duration 5 (4-7) 7 (5-11) <0.001

30-day complications

   Anastomotic leakage 5 (2%) 1 (3.4%) 0.490 a

   GI-bleed 8 (3.2%) 0 (0%) 1 a

   ICU admission 8 (3.2%) 3 (10.3%) 0.097 a

   Ileus 34 (13.8%) 6 (20.7%) 0.399 a

   Pelvic abscess 21 (8.5%) 1 (3.4%) 0.227

   Pneumonia 4 (1.6%) 1 (3.4%) 0.428 a

   UTI 27 (10.9%) 5 (17.2%) 0.353 a

   Wound infection 28 (11.3%) 4 (13.8%) 0.758 a

a: Fisher’s exact test used to determine significance level
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Clinical AJCC staging was similar for both groups (P=0.917), while pathological 
AJCC-staging demonstrated higher rates of stage 0 and stage I disease for the non-LMVR 
group, in addition to higher rates of stage II and stage III disease for the LMVR group. 
Furthermore, the LMVR group had higher rates of high grade disease and extramural ve-
nous invasion. Although not statistically significant, the rates of several other pathologic 
characteristics, including large vessel - , small vessel -, and perineural invasion, trended 
to be worse for those who underwent a multivisceral resection . Table 2.

Adjuvant therapy rates were comparable for non-LMVR and LMVR patients 
(P=0.809). Although long-term oncological outcomes did not differ significantly, there 
were clinical significant differences in favor of patients who did not undergo a multivis-
ceral resection. Twenty per cent of the patients in the LMVR group developed a distant 
metastasis, compared to only 11.7% of the non-LMVR patients (P=0.231), which is 
in line with the finding that the rectal cancer death rate was more than twice as high 
for LMVR-patients (13.8% vs. 6.1%; P=0.125). Local recurrence rates were compara-
ble (LMVR 3.4% vs. non-LMVR 5.3%, P=1), as was the median recurrent disease free 
survival (non-LMVR 25.5 months vs. LMVR 21 months; P=0.456). Overall mortality was 
significantly higher in LMVR patients (34.5% vs. 18.2%; P=0.038) and overall surviv-
al duration was comparable (non-LMVR 41.8 months, vs. LMVR 45 months; P=0.92). 
Table 2.

 
Table 2. Pathology characteristics and Long term outcomes 

No multivisc resection Local multivisc resection P-Value

Path AJCC staging 0.028

   Stage 0 49 (19.8%) 3 (10.3%) 0.216

      Pathologic CR 46 (18.6%) 3 (10.3%) 0.270

      ypTisN0 3 (1.2%) 0

   Stage I 63 (25.5%) 3 (10.3%) 0.070

   Stage II 68 (27.5%) 15 (51.7%) 0.007

   Stage III 67 (27.1%) 8 (27.6%) 0.958

Path T staging <0.001

   pT0 53 (21.5%) 3 (10.3%) 0.126

   pTis 3 (1.2%) 0

   pT1 18 (7.3%) 0 (0%) 0.233a

   pT2 62 (25.1%) 4 (13.8%) 0.177

   pT3 106 (42.9%) 15 (51.7%) 0.366

   pT4 5 (2%) 7 (24.1%) <0.001a

      pT4a 5 (2%) 2  (6.9%)

      pT4b 0 (0%) 5 (17.2%)

High Grade disease 5 (5.7%) 6 (20.7%) 0.011 a

Extramural vascular inv 26 (10.5%) 7 (24.1%) 0.061 a
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Large vessel invasion 30 (12.1%) 6 (20.7%) 0.413

      Extramural venous inv 16 (6.5%) 6 (20.7%) 0.008

Small vessel invasion 29 (11.7%) 7 (24.1%) 0.158

Perineural invasion 40 (16.2%) 7 (24.1%) 0.297

Adjuvant treatment 191 (77.3%) 23 (79.3%) 0.809

Longterm distant mets 29 (11.7%) 6 (20.7%) 0.231 a

Local recurrence 13 (5.3%) 1 (3.4%) 1 a

Recurrent Disease 35 (14.2%) 6 (20.7%) 0.405a

Median Recurrent DFS, 
months (IQR)

25.5 (13.7-60.4) 21.0 (7.9-60.2) 0.456

Rectal cancer death 15 (6.1%) 4 (13.8%) 0.125

Overall mortality 45 (18.2%) 10 (34.5%) 0.038

Overall Survival, months 41.8 (18.6 – 72.9) 45 (20.7-67.9) 0.924

Follow up duration 35.4 (16.9-66.4) 38.2 (15.8-67.6) 0.793

 
Kaplan Meier survival analyses for recurrent disease free survival and disease specific 
survival did not demonstrate a significant difference between the two groups; howev-
er, the curves for patients who underwent a local multivisceral resection seemed to be 
worse than those for patients who did not undergo a multivisceral resection. See Fig 1a-
1b. Kaplan Meier analyses for overall survival did demonstrate a significant difference, 
in favor of patients who did not undergo a multivisceral resection. Fig 1c.

Multivariable cox regression analysis (Table 3) regarding recurrent disease and rec-
tal cancer specific mortality did not reveal a significant effect of a local multivisceral 
resection, although both point estimates pointed towards worse outcomes for those who 
underwent a local multivisceral resection, when correcting for well known predictors of 
oncologic outcomes, including positive lymph nodes on surgical pathology after neoad-
juvant therapy and transmural tumors (Multivariable Hazard Ratio of LMVR for disease 
recurrence = 1.35 [95%CI: 0.54-3.36]; P=0.520 and HR of LMVR for disease specific 
mortality = 1.45 [95%CI: 0.45 – 4.70]; P= 0.534). 

The chance of overall mortality was significantly increased for patients who under-
went a local multivisceral resection (HR=2.16 [95%CI: 1.03-4.52]; P=0.042), adjusted 
for age, ASA-score, the administration of adjuvant therapy, perineural invasion, and 
positive lymph nodes on surgical pathology (ypN+).
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Figure 1a-c. Kaplan Meier survival curves

1a: Recurrent disease free survival (months)

1b: Disease specific survival (months)

1c: Overall survival (months)

Green: Local multivisceral resection

Blue: No local multivisceral resection

Table 3. Multivariable analyses (LMVR vs. non-LMVR)
Hazard ratio (95%CI) P-value Adjusted for …

Disease recurrent disease 1.35 (0.54 – 3.36) 0.520 Lymphovascular invasion, EMVI, 
high grade disease, perineural inva-
sion, transmural tumor ASA-score

Rectal cancer mortality 1.45 (0.45 – 4.70) 0.534 Gender, ASA-score, lymphovascular 
invasion, transmural tumor

Overall mortality 2.16 (1.03 – 4.52) 0.042 Perineural invasion, ASA-score, Age, 
adjuvant therapy, ypN positive

Discussion
The aim of this study was to assess the effects of local multivisceral resection (LMVR) on 
long-term outcomes in patients with neoadjuvantly treated transmural rectal cancer. 

While univariable analyses demonstrated higher rates of distant metastatic recur-
rence, rectal cancer death, and overall mortality for LMVR patients, multivariable 
analyses only confirmed LMVR as an predictive factor for overall mortality, correcting 
for known predictors of long-term outcomes, such as lymphovascular invasion4,5, pos-
itive lymph nodes on pathology6, and extramural venous invasion7. However, the mul-
tivariable adjusted point estimates for disease recurrence and disease specific mortality 
demonstrated trends towards worse outcomes for LMVR patients as well.

The current literature on the effects of local multivisceral resection exists mainly of 
retrospective analyses, comparing subsets of patients who all underwent a multiviscer-
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al resection. Only a few studies analyzed differences between patients who received 
a local multivisceral resection and patients who did not. Oledzki et al.8 compared 19 
patients who received a total cystectomy in combination with a rectal resection after 
neoadjuvant treatment for radiological tumor infiltration of the urinary bladder and/or 
prostate to 65 patients who received neoadjuvant therapy and surgical resection, but 
in whom there was no necessity of urinary tract resection. They found no statistically 
significant difference in survival between the two groups (both a median of 21 months), 
although the 5 year disease free survival was clinically significantly higher for patients 
who underwent a cystectomy (53% vs. 42.5%). The current study differs from this study 
as we included different types of multivisceral resections and furthermore we decided 
to only include patients in the control group who received neoadjuvant therapy for the 
same clinical stage of disease, while Oledski et al. did not describe this for their control 
group. Additionally, Oledski and colleagues did not find a significant difference in sur-
vival, while the current study did.  Bannura et al.9 retrospectively reviewed 30 women 
who underwent a pelvic exenteration and compared them to female patients operated 
for primary rectal cancer without exenteration. They found, in concordance with the 
current study, trends towards poorer prognosis in recurrence and survival. However, 
Bannura et al. included a mix of neoadjuvantly and non-neoadjuvantly treated patients, 
as did several other studies comparing subsets of patients who all received multiviscer-
al resection10–15. Another study comparing LMVR to non-LMVR patients was done by 
Nakafusa et al16.  They studied differences between patients who did and patients who 
did not undergo a multivisceral resection for a pT3 and pT4 tumors, but none of the 
patients received (neo)adjuvant treatment.  As neoadjuvant therapy is the standard of 
care for clinically transmural tumors in the current treatment era 1, we decided to only 
include patients who received neoadjuvant treatment.

Several previous studies regarding multivisceral resection for rectal cancer also 
included patients who had a R1 or R2-resection10,11,13,14 and concluded that oncologi-
cal outcomes are good when clear surgical margins are achieved3. To restrain from this 
potential confounding effect, we decided to exclude patients in whom clear surgical 
margins were not achieved.

The current findings of an increased overall mortality, even when correcting for AJCC 
disease stage on pathology, and decreased overall survival in combination with trends 
towards worse oncologic outcomes for patients who underwent a local multivisceral 
resection after neoadjuvant therapy for a transmural tumor, have not yet been described 
in the contemporary literature. These detrimental outcomes for those who underwent a 
local multivisceral resection, compared to those who did not undergo a multivisceral 
resection, are likely the result of more aggressive tumors, causing the need for a multi-
visceral resection. This study did not demonstrate statistically significant differences in 
pathologic characteristics between LMVR and non-LMVR patients; however, differences 
might have present but changed due to neoadjuvant therapy. Furthermore, small num-
bers in our cohort might have caused a type II errors for the oncologic long term out-
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comes. 
In addition to the current recommendation that all patients with clinically transmu-

ral tumors should receive adjuvant therapy after surgical resection1, it is important to 
determine the most beneficial neoadjuvant versus adjuvant  care for those who are 
expected to need a multivisceral resection. Patients with more advanced local disease 
could potentially benefit from the addition of upfront systemic chemotherapy to the cur-
rent standard of neoadjuvant (chemo)radiation17–20, instead of delivering chemotherapy 
postoperatively.

Limitations
This cohort study has limitations inherent to its retrospective character. However, the 
decision of a local multivisceral resection is often made based on clinical findings 
during the surgical procedure and therefore a randomized study would not be feasible.  
Additionally, only 10.4% of the cohort underwent the intervention of interest, which 
made the chance of type 2 errors likely when comparing the groups in a (pathologic) 
stage for stage fashion. However, the subset of multivisceral patients is nevertheless 
relatively large when compared to other studies, considering the inclusion criteria we 
handled. Furthermore, by adjusting multivariable analyses for tumor/disease staging, we 
aim to correct our findings for the effects of disease stages on long term outcomes. Last-
ly, our results might not be generalizable to all patients who underwent a local multivis-
ceral resection, as this study was conducted in a single tertiary care center, with a small 
group of surgeons performing these multivisceral resections. 

Conclusions
Local multivisceral R0-resection for patients with clinically transmural, neoadjuvantly 
treated rectal cancer resulted in cancer specific outcomes which trended to be worse 
than those of patients who received an R0-resection without multivisceral resection. 
Furthermore, overall survival was lower for those in whom a multivisceral resection 
was thought to be needed to obtain clear surgical margins.  These results stress that 
local control is not enough in this group of patients and attention must be paid to trying 
to ensure the administration and hopefully completion of adjuvant chemotherapy to 
obtain systemic control as well.  These results also lend credence to the idea of upfront 
chemotherapy in this more advanced cohort to maintain systemic control.
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Abstract 
Importance: Abdominoperineal resection (APR) remains the cornerstone treatment for 
rectal cancers less than 5 centimeters from the anal verge. The perineal portion of an 
APR can be done with the patient in lithotomy or repositioned to prone jack-knife posi-
tion. Difference in positioning influences surgical accessibility, visualization and ability 
to close the wound. 

Objective: This paper analyses the effect of patient positioning on perineal wound de-
hiscence and infections.

Design: Retrospective cohort study of prospectively-maintained, IRB-approved data-
base.

Setting: Tertiary Care Center.

Participants: All rectal cancer patients who underwent an APR at Massachusetts Gen-
eral Hospital between 2004-2014 (n=149). Patients were divided into supine (n=91) or 
prone (n=58) positioning during the perineal part of their resection as documented in 
operative reports.

Main Outcome and Measure(s): Abdominal and perineal wound infection after abdom-
inoperineal resection for rectal cancer.

Results: Twenty-two percent of supine positioned patients developed a perineal wound 
infection, versus 3.4% of the prone patients (P=0.002). Perineal wound dehiscence 
rate was also higher in the supine group (14.3% vs. prone 3.4%; P=0.032). Abdominal 
wound complications showed no significant differences (infection: supine 4.4% vs. 
prone 10.3%; P=0.157, dehiscence: supine 3.3% vs. prone 1.7%; P=0.563). Multivari-
able analysis showed OR=9.2 of developing a perineal wound infection for supine posi-
tioned patients, compared to prone, corrected for obesity and smoking history. Circum-
ferential resection margin (CRM) and long-term oncologic outcomes did not differ.

Conclusions and Relevance: Repositioning patients into prone position for the perine-
al portion of an APR was associated with significantly lower perineal wound infection 
and dehiscence rates compared to supine positioned patients. Repositioned patients did 
not have longer operations nor were there differences in CRM or long-term oncologic 
outcomes. Therefore, repositioning the patient for the perineal part of an APR should be 
considered as an option to obtain more space to maneuver and optimal visualization.
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Introduction
Surgical excision remains the definitive treatment of rectal cancer in the majority of 
cases, with abdominoperineal resection (APR) as the most common approach for ma-
lignancies under 5 centimeters from the anal verge1. A SEER database analysis found 
that 26.7% of all curative surgically treated rectal cancer patients between 1995 and 
2010 received a non-sphincter preserving procedure, resulting in an average total of 
758 APRs and pelvic exenterations per year in the U.S.2 The procedure has a reasonable 
morbidity rate and perineal wound infection or dehiscence is a persistent problem. 

The perineal part of the procedure can be done conventionally or through an ex-
tra-levator approach. Furthermore, surgeons can perform the perineal portion with the 
patient in the lithotomy or prone position. The latter divides surgeons, as some surgeons 
think that repositioning takes unnecessary additional operative time which can be a risk 
factor for adverse operative outcomes in certain patient groups3, while the outcomes of 
performing the perineal part of the procedure with patients in lithotomy do not differ 
from those of patients in the prone jackknife position.

This paper investigates the effect of patient positioning during APR on perineal 
wound infections and dehiscence.
 
Methods
Patients
Patients were selected from a prospectively maintained, IRB-approved, retrospective da-
tabase of all rectal cancer patients who underwent surgical treatment at Massachusetts 
General Hospital between January 2004 and December 2014 (n=634). All patients who 
underwent an abdominal perineal resection (APR) were selected for further analysis 
(n=149). During the perineal part of the procedure, 91 patients were in lithotomy, while 
58 were repositioned to the prone jack-knife position. All patients received standard 
prophylactic antibiotics perioperatively.

Surgeons
To be able to correct for the operating surgeon in multivariable analysis, the top 4 sur-
geons who performed the most APRs were stratified individually, whereas the remaining 
surgeons were grouped together. 

Definitions
Wound infection was defined as an infection reported in discharge reports or follow up 
notes within 3 months of the APR, whereas wound dehiscence was defined as separated 
wound edges without obvious sign of infection, within this same time frame. 

Statistical analysis
Using SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for Macintosh, Version 24.0. 
Armonk, NY: IBM Corp.), with a P-value ≤0.05 considered as statistically significant, all 
binary outcomes were compared by the Pearson Chi square test, whereas all medians 
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were compared using the Mann Whitney U test.
Multivariable analyses were done using binary logistic regression to assess the rela-

tionship between patient positioning and perineal and abdominal wound infections, 
adjusting for BMI, smoking history, ethnicity, and ASA score, where applicable.
 
Results
Baseline characteristics
There were no significant differences between the groups in neoadjuvant radiation 
therapy, ethnicity, BMI, ASA score, Charlson comorbidity-score, smoking, alcohol use, 
gender, or age. More detailed baseline characteristics can be found in Table 1.

Table 1. Baseline characteristics
Whole cohort Supine Prone P-value

n = 149 91 58

Age 65.05 (52.40-75.88) 61.15 (51.4-74.55) 66.35 (53.40-79.83) 0.233

Gender, Female 50 (33.6%) 31 (34%) 19 (33%) 0.869

Ethnicity 109 (73.2%) 62 (68%) 47 (81%) 0.083

BMI 26.65 (23.80-29.53) 26.55 (24.10-29.13) 27.05 (23.40-30.35) 0.775

ASA 2 (2-3) 2 (2-3) 2 (2-3) 0.833

Charlson comorb.-score 2 (2-4) 2 (2-4) 2 (2-3) 0.255

Diabetes  20 (13.4%) 15 (17%) 5 (9%) 0.170

Smoker, current 19 (12.8%) 11 (12%) 8 (14%) 0.761

Smoker, ever 83 (55.7%) 54 (59%) 29 (50%) 0.263

Alcohol abuse 18 (12.1%) 14 (15%) 4 (7%) 0.121

Alcohol, social 79 (53%) 43 (47%) 36 (62%) 0.077

Neoadjuvant radiation 
therapy 

117 (78.5%) 75 (82%) 42 (72%) 0.147

Curative 2 (1.3%) 1 (1%) 1 (2%) 0.746

Urgent case 1 (0.7%) 0 (0.0%) 1 (2%) 0.209

Data are n (%) or median (IQR). BMI: Body Mass Index (kg/m2), ASA: American Society of Anesthesiolo-

gists, Charlson comorbidity-score.

Perioperative outcomes
Patients whose positioning was adjusted during their APR had significantly shorter 
operations (medians: supine: 228 minutes, IQR [204-278] vs. prone: 163 [108-235]; 
P<0.001), with no significant difference in use of flap reconstruction (supine 4.4% vs. 
prone 5.2%; P=0.827), use of intra-operative radiation therapy (supine 6.6% vs. prone 
1.7%; P=0.171), or perforation of the rectum during the procedure (supine 9.9% vs. 
prone 6.9%; P=0.528). 

The abdominal part of the procedure was mostly done using an open approach 
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(95.3%), with all patients in the supine group receiving an open approach, compared 
to 87.9% (51 of 58 patients) in the prone group. Admission duration also did not show 
a significant difference (supine: 6 days, IQR [4-9] vs. prone: 6 [4-8]; P=0.264), and 
pathology showed comparable percentages of positive circumferential margins in both 
groups (supine 6.6% vs. prone 5.2%; P=0.894). See Table 2 for more details on periop-
erative outcomes.

Table 2. Perioperative and postoperative outcomes
Whole cohort Supine Prone P-value

Infection 

   Perineal wound 22 (14.8%) 20 (22%) 2 (3%) 0.002

   Abdominal wound 10 (6.7%) 4 (4%) 6 (10%) 0.157

Dehiscence 

   Perineal wound 15 (10.1%) 13 (14%) 2 (3%) 0.032

   Abdominal 4 (2.7%) 3 (3%) 1 (2%) 0.563

Problems 

   Perineal wound 37 (24.8%) 33 (36%) 4 (7%) <0.001

   Abdominal wound 14 (9.4%) 7 (8%) 7 (12%) 0.372

Operative duration in min. 218 (169.5 – 268) 228 (204-278) 163 (108.5-235.25) <0.001

Admission duration in days 6 (4-8) 6 (4-9) 6 (4-8) 0.264

Surgeons

   Surgeon A 33 (22.1%) 0 33 (57%)

   Surgeon B 28 (18.8%) 27 (30%) 1 (2%)

   Surgeon C 12 (8.1%) 0 12 (21%)

   Surgeon D 51 (34.2%) 48 (53%) 3 (5%)

   Others 25 (16.8%) 16 (18%) 9 (16%)

Flap reconstruction 7 (4.7%) 4 (4%) 3 (5%) 0.827

IORT 7 (4.7%) 6 (7%) 1 (2%) 0.171

Perforation of the rectum 13 (8.7%) 9 (10%) 4 (7%) 0.528

Abdominal approach, open 142 (95.3%) 91 (100%) 51 (88%) 0.001

Positive CRM 9 (6%) 6 (7%) 3 (5%) 0.894

 

Data are n (%) or median (IQR). IORT: intraoperative radiation therapy, CRM: Circumferential Resection 

Margin.



Section II: Surgery

92

Postoperative wound complications
A total of 32 wound infections were reported, of which 22 were perineal and 10 ab-
dominally located. Perineal wound infection rates reached 22% in supine positioned 
patients, which was significantly higher than the 3.4% in the prone group (P=0.002). 
This corresponds to an Odds Ratio of 7.9 (95% CI: 1.76 – 35.18) to develop a perineal 
wound infection for supine positioned patients. Differences in abdominal wound infec-
tion rates were also clinically meaningful, but showed no statistically significant differ-
ence (supine 4.4% vs. prone 10.3%, P=0.157). 

Similar trends are seen in wound dehiscence: 14.3% of supine patients showed per-
ineal wound dehiscence within 3 months, compared to 3.4% of the prone positioned 
patients (P=0.032), whereas there was no significant difference in abdominal wound 
dehiscence (supine 3.3% vs. prone 1.7%; P=0.563).

Perineal wound problems, combining all patients with infection or dehiscence, were 
found in 37 patients (24.8%), with a prominent majority found in the supine group 
(36.3% vs. prone 6.9%, P<0.001). Abdominal wound dehiscence was more often re-
ported in the prone group, although not statistically significant (12.1% vs. supine 7.7%, 
P=0.372). Details on wound complication rates are shown in Table 2.

Multivariable analysis
Patients who were not repositioned to prone positioning during surgery had an odds 
ratio of OR=9.18 of developing perineal wound infection compared to patients who 
were prone positioned, after adjustment for obesity and history of smoking (95%CI: 
1.96-43.0; P=0.005). Controlling for neoadjuvant radiation therapy, ASA-score, Charl-
son comorbidity-score, diabetes, operative duration, ethnicity, flap usage, and current 
smoking did not contribute significantly to this effect.

When combining perineal wound dehiscence and infection, odds of developing 
these problems were higher for supine positioned patients in multivariable analysis 
(OR=11.76, 95%CI: 3.54-39.08; P<0.001, adjusted for obesity and ASA-score). Again 
neoadjuvant treatment showed no significant contribution. 

Odds of developing an abdominal wound infection were non-significantly lower for 
supine positioned patients in univariate analysis (OR = 0.40, P=0.169), with decreased 
odds in multivariable analysis to OR=0.26 (P=0.063), controlled for smoking histo-
ry and ethnicity. There was no significant contribution to development of abdominal 
wound infection of neoadjuvant radiation therapy, abdominal operative approach, ASA-
score, BMI >30, Charlson comorbidity-score, diabetes, operative duration, or current 
smoking in multivariable analysis. The top 4 surgeons in terms of volume accounted for 
45 (of the 58, 77.5%) repositioned and 79 (of the 91, 86.8%) supine abdominoperineal 
resections. For more details, see Table 2. Including the operating surgeon in the multi-
variable analysis made the effect of repositioning non-significant. This is most likely due 
to the fact that most surgeons have strong preferences for certain operating strategies 
and surgeons may influence the rates of infections. (Table 3)
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Table 3. Multivariate analyses

Perineal wound infection, supine vs. prone
OR (95% CI) P-value Corrected for*

Univariate 7.89 (1.77 - 35.18) 0.007 n/a

Multivariate
excl. surgeon

9.18 (1.96 - 43.0) 0.005 BMI≥30, Smoking (Ever)

Multivariate
incl. surgeon

1.52 (0.26 - 8.97) 0.642 Charlson-score, neoadjuvant radia-
tion, BMI≥30, smoker ever, Surgeon

ASA-score, Charlson comorbidity-score, diabetes, neoadjuvant radiation, operative duration, ethnicity, 

and current smoking did not attribute significantly to model

Perineal wound problems, supine vs. prone
OR (95% CI) P-value Corrected for

Univariate 7.681 (2.55 - 23.12) <0.001 n/a

Multivariate
excl. surgeon

11.76 (3.54 - 39.08) <0.001 BMI≥30, ASA score

Multivariate
incl. surgeon

4.22 (0.71 - 25.16) 0.114 ASA-score, BMI≥30, Surgeon

Smoking (ever/current), operative duration, Charlson comorbidity-score, neoadjuvant radiation therapy, 

diabetes, ethnicity, and age did not contribute significantly to model

Abdominal wound infections, supine vs. prone
OR (95% CI) P-value Corrected for

Univariate 0.398 (0.11 - 1.48) 0.169 n/a

Multivariate
excl. surgeon

0.263 (0.064 - 1.08) 0.063 Smoking history, Ethnicity

Multivariate
incl. surgeon

0.222 (0.007 - 7.16) 0.396 Charlson-score, BMI≥30, Ethnicity, 
Smoking (ever), Surgeon

ASA score, Charlson comorbidity-score, BMI≥30, current smoking, abdominal operative approach, dia-

betes, and operative duration did not contribute significantly to model

Long-term oncological outcomes
There were no significant differences between the two groups in local recurrence 
(supine 3.3% vs. prone 6.9%, P=0.311), long-term distant metastatic disease (supine 
12.1% vs. prone 13.8%), or rectal cancer related death (supine 11% vs. prone 13.8%; 
P=0.609). Furthermore, there were no differences in these factors comparing the two 
groups per AJCC stage. More detailed long-term outcomes are shown in Table 4.

For Table 4, see next page.



Section II: Surgery

94

Table 4. Long-term outcomes
Whole cohort Prone Supine P-Value

Local recurrence 7 (4.7%) 4 (7%) 3 (3%) 0.311

Met baseline 22 (14.8%) 7 (12%) 15 (17%) 0.459

Mets long-term 19 (12.8%) 8 (14%) 11 (12%) 0.761

Colon cancer death 18 (12.1%) 8 (14%) 10 (11%) 0.609

Local recurrence

Stage 0 (n=15) 0

Stage I (n=35) 2 (5.7%) 2 (13%) 0 (0%) 0.112

Stage IIA (n=34) 1 (2.9%) 0 (0%) 1 (5%) 0.453

Stage IIC (n=2) 0

Stage IIIA (n=11) 1 (9.1%) 1 (25%) 0 (0%) 0.165

Stage IIIB (n=30) 1 (3.3%) 0 (0%) 1 (6%) 0.406

Stage IV (n=22) 2 (9.1%) 1 (14%) 1 (7%) 0.563

Metastatic recurrence

Stage 0 0

Stage I 2 (5.7%) 0 (0%) 2 (10%) 0.181

Stage IIA 6 (17.6%) 2 (17%) 4 (18%) 0.912

Stage IIC 0

Stage IIIA 3 (27.3%) 2 (50%) 1 (14%) 0.201

Stage IIIB 8 (26.7%) 4 (33%) 4 (22%) 0.500

Stage IV 0

Rectal  cancer death

Stage 0 0

Stage I 1 (2.9%) 1 (6%) 0 (0%) 0.269

Stage IIA 2 (5.9%) 1 (8%) 1 (5%) 0.654

Stage IIC 0

Stage IIIA 1 (9.1%) 1 (25%) 0 (0%) 0.165

Stage IIIB 5 (16.7%) 1 (8%) 4 (22%) 0.317

Stage IV 9 (40.9%) 4 (57%) 5 (33%) 0.290
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Discussion
Hypothesizing that patient positioning during the perineal part of APR has an influence 
on perineal wound complications, this paper found that patients whose perineal portion 
was performed in the lithotomy position had over a 9 times higher odds of developing 
a perineal wound infection, demonstrating an association between patient positioning 
during surgery and the development of perineal wound infections. 

The association between repositioning and the lower odds of development of per-
ineal complications is likely influenced by improved visualization of the operative 
field when a patient is positioned in prone jack-knife position.  The perineal portion 
of the procedure requires adequate visualization and maintenance of sterility.  Prone 
jack-knife positioning gives the surgeon more space to maneuver and allows for better 
visualization for wound closure. In addition, there is also the benefit of being able to 
involve an assistant who also has good visualization. Furthermore, maintaining sterility 
in the lithotomy position is difficult at best.

Previous literature on risk factors for perineal wound problems focused mainly on 
neoadjuvant therapy, showing its important role in development of these complica-
tions4,5. Additionally, an ACS NSQIP database study found that patient’s race, ASA 
score, smoking status, obesity, weight loss, and reconstruction with flap were related 
with adverse perineal wound healing, although that study was not able to differentiate 
abdominal wound problems from the perineal wound problems due to limited data-
base coding6. These studies did not include patient positioning in their analyses, which 
makes it difficult to extrapolate their outcomes to this cohort. Multivariable analysis 
of this cohort showed no significant contribution of neoadjuvant radiation therapy on 
development of perineal wound infections. Smoking history, obesity, and patient posi-
tioning during the perineal part of APR did significantly contribute to this infection risk 
in the binary regression model. Focusing on abdominal wound infections, neoadjuvant 
radiation therapy again had no significant influence on development of infections in 
multivariable analysis, while patient positioning during the perineal part of resection, 
smoking history and ethnicity contributed significantly to development of abdominal 
wound infections in the binary regression model. The fact that neoadjuvant therapy did 
not have significant effect on development of perineal or abdominal wound infections 
in multivariable analysis is most likely due to the finding that patient positioning was a 
stronger predictor than neoadjuvant therapy. 

Several prospective studies have mentioned an effect of surgeons on the develop-
ment of surgical site infection7,8. However, these studies were not able to identify specif-
ic characteristics in the surgeon’s behavior or technique, which could be hold account-
able for the difference in SSI. Correcting for the surgeon in this study’s multivariable 
analyses made the effect of repositioning insignificant in every model, which is in line 
with the above-mentioned studies. However, since surgeons were consistent with their 
operative approach, it is also reasonable to assume that the approach was the determi-
nate of the different infection rates. Most likely, however, it is a combination of the two.

One argument against prone jack-knife positioning maybe that it leads to harmful 
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pressure on the recently closed abdominal wound; outcomes of this study do suggest 
that prone positioned patients tend to have more abdominal wound problems com-
pared to supine positioned patients. This non-statistically significant effect may be 
caused by decreased micro perfusion and thus oxygen supply9, however future research 
is needed to determine the predictive value as this hypothesis cannot be proven by this 
study. Previous research showed significantly lower abdominal wound infection rates in 
laparoscopically treated patients, compared to patients treated in an open approach10. 
Since almost all patients in this cohort were treated in an open abdominal fashion, it is 
hard to find potential influence of abdominal surgical approach in combination with 
patient positioning on abdominal wound complications. 

It seems counterintuitive that operative time could be comparable for patients whose 
position was adjusted during surgery, as this requires flipping and redraping. However, 
the time spent repositioning may be recovered by improving the operative environment 
and performing a more efficient procedure. Although operative duration was notably 
shorter in the repositioned group, this major difference is most likely influenced by fast-
er surgeons in this group rather than the effect of repositioning alone.

Perineal wound dehiscence and positive circumferential resection margin are known 
risk factors for respectively decreased survival and recurrent disease after an APR for 
rectal cancer11,12. In this cohort, perineal wound dehiscence occurred significantly 
more often in the supine group, whereas circumferential resection margins, in addition 
to local and distant disease recurrence, showed no significant differences between the 
supine and prone jackknife position. These outcomes also support the idea that the peri-
neal part of an APR should be done in a prone jack-knife position.

Limitations 
Using a retrospective database has its own limitations, such as the potential of missing 
data, possible underreporting of wound complications, the impossibility to randomize, 
and the risk of type II errors, which may be the case for the difference in abdominal 
wound infection rates. Besides this, inter observer variation may influence outcomes, 
although all infections were diagnosed by surgeons only. Additionally, there was little 
information available on depth of infection, and there are unreported risk factors, such 
as micro perfusion status, which may contribute to surgical wound complications9. 
Considering that this data repository is based on a single center, there may be effects 
of hospital circumstances on short-term wound outcomes. Furthermore, a pathologic 
report confirming the completeness of the mesorectal excision was reported from 2012 
on and this was not included in this analysis.

Further research
Ideally, a multicenter randomized controlled trial comparing supine patient positioning 
to prone positioning, with perineal and abdominal wound complications, stratified by 
for instance Clavien-Dindo’s classification13, as main outcomes, would give a better 
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insight as to whether a patient should be repositioned during abdominal perineal resec-
tion.

Conclusion
With statistically significant lower perineal wound infection and dehiscence rates, 
prone positioned patients demonstrated more favorable wound outcomes, compared to 
patients whose perineal part of the operation was done in supine positioning. Addition-
ally, repositioning was not associated with an increase in operative duration, percentage 
of positive CRM, or difference in long-term oncologic outcomes, when compared to 
supine positioning. 

Based on our retrospective, single center outcome study, surgeons should consider 
performing the perineal part of an abdominoperineal resection with the patient in a 
prone jack-knife position to obtain optimal visualization, as well as potentially decreas-
ing postoperative perineal wound problems. 
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Abstract 
Introduction
Lymph node involvement is a well-known predictor of recurrent disease in non-neoad-
juvantly treated rectal cancer patients. However, the role of persistent lymph node dis-
ease after neoadjuvant treatment is debatable. This study compares outcomes of clinical 
stage III rectal cancer patients who had nodal disease on surgical pathology after neo-
adjuvant treatment, to patients with negative nodes.

Methods
A consecutive cohort of all clinical AJCC-stage III rectal cancer patients who received 
neoadjuvant chemoradiotherapy, and had an R0-resection at the Massachusetts General 
Hospital between 2004 and 2015 was retrospectively reviewed. 

Results
166 patients met the inclusion criteria, of whom 53 had persistent nodal disease on 
pathology. This group had a higher rate of local and distant disease recurrence and a 
shorter median recurrent disease free survival (DFS) than patients with a complete nodal 
response. In multivariable analyses for disease recurrence the hazard of disease free 
was higher for patients without positive lymph nodes on pathology.

Conclusion
Persistent nodal involvement after neoadjuvant therapy is associated with an increased 
risk of distant metastases and a shorter DFS. Identifying patients with treatment resistant 
lymph nodes preoperatively and adjusting neoadjuvant treatment might result in better 
outcomes.
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Introduction
Neoadjuvant therapy followed by resection remains the gold standard for patients with 
locally advanced rectal cancer1,2. Although lymph node involvement is a strong predic-
tor of recurrence when rectal cancer patients do not receive neoadjuvant treatment3–5, 
the role of lymph node positivity after neoadjuvant treatment as a predictor of recurrent 
disease is less well defined. 

This study evaluates the oncological outcomes of patients with locally advanced 
rectal cancer, who were treated with neoadjuvant chemoradiation. It specifically focus-
es on differences between patients with persistent nodal involvement and patients who 
had a complete nodal response to neoadjuvant therapy. 

Methods
Patients
A retrospective review of a consecutive patient series encompassing all rectal cancer 
patients operated on at Massachusetts General Hospital between 2004 and 2015 was 
performed. Data for this database were, after IRB approval, prospectively obtained from 
inpatient and outpatient records and complemented with information from the social 
security death index.

This study included patients with clinical American Joint Committee on Cancer 
(AJCC) stage III primary rectal cancer, whom had at least 1 year of follow-up reported. 
Clinical suspicion of lymph node positivity was based on pretreatment imaging, includ-
ing a CT-scan (or PET-CT), an MRI-scan or both6. Dedicated GI radiologists evaluated 
the scans.

Only patients who received neoadjuvant chemotherapy combined with 50.4Gy 
radiation therapy, standard of care according to NCCN guidelines7 were included. 
Chemotherapy regimens encompassed either Capecitabine or 5-fluoruracil, the latter 
with or without Midostaurin, Oxaliplatin, Avastin, or Erlotinib. Patients were excluded if 
they received long course chemotherapy up front in addition to neoadjuvant chemora-
diation. Other reasons for exclusion were: distant metastasis diagnosed within 30 days 
after the initial surgery, a local excision, and R1 or R2 resection. Dedicated GI patholo-
gists assessed all surgical specimens.

The patients were divided into two groups based on lymph node involvement after 
neoadjuvant therapy. The first group consisted of patients with persistent nodal disease 
(cN+ypN+) and the second group of patients without persistent nodal involvement 
(cN+ypN0). The latter group was subdivided into patients with residual cancer in the 
rectal wall (ypT+N0) and patients with a complete pathologic response, defined as the 
absence of cancer cells in the rectal wall or lymph nodes included in the surgical pa-
thology specimen (ypT0N0M0). 

The main outcomes of this study were differences in long-term oncological out-
comes, comparing pathologically node positive patients to pathologically node negative 
patients. This study specifically addressed differences in the development of local or dis-
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tant recurrent disease and rectal cancer related deaths. Furthermore, this study assessed 
potential differences in pathologic prognostic factors. 

Statistical analyses
Quantitative data, when not normally distributed, was reported as the median with the 
interquartile range indicating the 25% and the 75% boundaries (IQR), and when nor-
mally distributed, it was reported as the mean with the corresponding standard devia-
tion. 

All binary outcomes were compared using the Pearson Chi squared test. The 
Mann-Whitney U test was used to compare medians or means between 2 groups, 
whereas the Kruskal-Wallis Test was used to assess differences between 3 groups. Sur-
vival analyses were done using Kaplan Meier curves, comparing the curves with a Log 
Rank test. In order to adjust the predictive value of positive lymph nodes for possible 
confounders, logistic regression analyses was used for binary outcomes and Cox regres-
sions for time-related outcomes. Variables were included in multivariable analyses if the 
univariable analysis for the outcome of interest demonstrated a P-value <0.250. Using 
Backwards elimination, the strongest predictive model was build.

SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for Macintosh, Version 24.0. 
Armonk, NY: IBM Corp.) was used for all statistical analyses.

 
Results
A total of 166 clinically assessed AJCC stage III patients who received neoadjuvant 
chemoradiation met the inclusion criteria. Fifty-three patients had persistent nodal dis-
ease on surgical pathology, whereas 113 patients did not have pathologically positive 
lymph nodes after neoadjuvant therapy. Of the latter group, 31 patients had a complete 
pathologic response.

Besides a lower rate of current smokers and patients with alcohol abuse in the group 
with persistent lymph node involvement, there were no significant differences in demo-
graphics between patients with and without nodal disease (Table 1). Focusing on the 
group of patients without nodal involvement, there were no differences in previously 
mentioned characteristics between those without positive lymph nodes and residual 
tumor and those with a complete pathologic response. 

Tumor depth percentages were as follows: ypT0: N+ 7.5% vs. N0 27.4%; ypTis: N+ 
0% vs. N0 2.7%; ypT1: N+ 3.8% vs. N0 8.0%; ypT2: N+ 26.4% vs. N0 24.8%; ypT3: 
N+ 60.4% vs. N0 34.5%; and ypT4: N+ 1.9% vs. N0 2.7%. 

Overall, patients without nodal disease had lower T staging than patients with per-
sistent nodal disease (P=0.011). The number of examined lymph nodes was similar for 
pathologically node positive and pathologically node negative patients (P=0.88). The 
median number of positive nodes in patients with persistent nodal disease was 2 (IQR 
1 – 4). Compared to patients with remaining tumor but no positive lymph nodes, pa-
tients with persistent nodal disease had significantly higher rates of the following tumor 
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characteristics on pathology: high grade tumor, large vessel invasion, extramural venous 
invasion, and small vessel invasion. The rate of  perineural invasion was clinically sig-
nificantly higher in the ypN+ group as well (28.6% vs. ypN0: 15.2; P=0.067). (Table 2)

Table 1. Baseline characteristics
Path N -    * Path N + P-Value

n = 166 113 53

Sex, Female 40 (35.4%) 21 (39.6%) 0.599

Age 55.6 (49.7 – 67.4) 55.3 (49.3 – 67.6) 0.977

BMI 25.9 (23.9 – 29.9) 26.8 (25.0 – 29.8) 0.363

Ethnicity, White 101 (89.4%) 42 (80.8%) 0.131

ASA-score 2.16 ±0.43 2.13 ±0.52 0.597

Intoxications

   Smoking 

      Ever 63 (55.8%) 19 (35.8%) 0.017

      Current 17 (15.0%) 3 (5.7%) 0.083

   Alcohol 

      Social (<4/day) 65 (57.5%) 31 (58.5%) 0.906

      Abuse (>3/day) 17 (15.0%) 2 (3.8%) 0.033

Pre-treatment imaging

   CT 109 (96.5%) 51 (96.2%) 1a

   MRI 106 (93.8%) 47 (88.7%) 0.352a

   PET 17 (15.0%) 15 (28.3%) 0.044

   US 13 (11.5%) 9 (17.0%) 0.332

* Including patients with a pathologic complete response

a: Fisher’s Exact Test used to determine statistical significance.

In both groups, over 9 out of 10 patients received adjuvant therapy in the form of 
chemotherapy (pN- 92.9% vs. pN+ 96.2%; P=0.505). Reasoning for not administering 
adjuvant therapy was in 4 patients due to postoperative complications, 4 patients de-
clined further therapy, and 2 patients did not tolerate neoadjuvant treatment well. 

Patients with persistent nodal disease on pathology developed more distant metas-
tasis (pN+ 32.1% vs. pN- 9.7%; P<0.001), as well as more local recurrence (9.4% vs. 
1.8%; P=0.034) than node negative patients. There appeared to be no statistical sig-
nificant difference in recurrence disease free survival (pN+ median 28.0 months vs. 
pN- median 38.2 months; P=0.240). None of the pathologic complete response patients 
developed disease recurrence. When excluding patients with a pathologic complete 
response from the pN- group, the difference in distant metastasis number remained sta-
tistical significant (long-term distant metastases: P=0.016, local recurrence: P=0.111).  
Six patients of the pN+ group (11.3%) died from rectal cancer, compared to 6 patients 
(5.3%) in the pN- group (P=0.201). (Table 3).



Section III: Surgical pathology of rectal cancer

108

Table 2. Pathology characteristics
Path N -    Path N + P-Value

n = 166 113 53

ypT stage 0.011

   ypT0 31 (27.4%) 4 (7.5%)

   ypT1 9 (8.0%) 2 (3.8%)

   ypT2 28 (24.8%) 14 (26.4%)

   ypT3 39 (34.5%) 32 (60.4%)

   ypT4 3 (2.7%) 1 (1.9%)

   ypTis 3 (2.7%) 0 (0%)

Lymph nodes

   Examined 17 (13 -22) 16 (12 – 25.5) 0.884

   Positive n/a 2 (1 – 4)

Including residual tumor only

n = 128 79 39

High Grade disease 2 (2.5%) 10 (20.4%) 0.001a

Large vessel invasion 6 (7.6%) 12 (24.5%) 0.008

   Extramural venous inv 2 (2.5%) 10 (20.4%) 0.001a

Perineural invasion 12 (15.2%) 14 (28.6%) 0.067

Small vessel invasion 6 (7.6%) 11 (22.4%) 0.016

a: Fisher’s Exact Test used to determine statistical significance.

Kaplan Meier survival-curves reaffirmed that patients with persistent nodal disease 
had significant worse recurrent disease free survival than those without nodal involve-
ment (Log rank = 0.001). When comparing pathologically node positive patients to pa-
tients with a complete nodal response but persistent tumor, there still was a significant 
difference in recurrent disease free survival (Log Rank: 0.023), see figure 1.

When compared to patients without persistent nodal disease, patients with nodal 
disease after neoadjuvant therapy had a univariate Odds Ratio of 3.96 (95% CI: 1.76 
– 8.90; P=0.001) of developing distant metastatic disease. Adjusting for perineural 
invasion and depth of tumor invasion on pathology led to an OR of 3.10 (95% CI: 1.31 
– 7.34; P=0.010).  

The Hazard Ratio of having a shorter distant recurrence free survival was 2.71 for pa-
tients with persistent nodal disease in univariate analyses (95%CI: 1.55–6.46; P=0.002), 
along with a HR of 2.61 (95%CI: 1.25 – 5.44; P=0.010) after correction for presence of 
perineural invasion on surgical pathology.

Gender, ethnicity, current smoking, large vessel invasion, small vessel invasion, and 
administration of adjuvant therapy did not contribute significantly to the multivariable 
HR-model and were therefore excluded from the model. Table 4.
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Table 3. Long-term outcomes 
Path N -    Path N + P-Value

n = 166 113 53

Adjuvant therapy

   Chemotherapy 105 (92.9%) 51 (96.2%) 0.505a

   Radiotherapy 2 (1.8%) 1 (1.9%) 1a

Distant metastasis 11 (9.7%) 17 (32.1%) <0.001

Local recurrence 2 (1.8%) 5 (9.4%) 0.034a

Any recurrent disease 13 (11.5%) 18 (34.0%) 0.001

Rectal cancer death 6 (5.3%) 6 (11.3%) 0.201a

Recurrent DFS 38.3 (18.2 – 68.1) 28.0 (17. – 58.2) 0.240

Overall survival 45.2 (24.1 – 75.4) 41.0 (25.7 – 66.1) 0.613

Patients with PathCR excluded from the N- group
Path N -    Path N + P-Value

n =  135 82 53

Adjuvant therapy

   Chemotherapy 75 (91.5%) 51 (96.2%) 0.482a

   Radiotherapy 2 (2.4%) 1 (1.9%) 0.832/1a

Distant metastasis 11 (13.4%) 17 (32.1%) 0.016

Local recurrence 2 (2.4%) 5 (9.4%) 0.111a

Any recurrent disease 13 (15.9%) 18 (34.0%) 0.015

Rectal cancer death 6 (7.3%) 6 (11.3%) 0.538a

Recurrent DFS 36.3 (18.0 – 61.3) 27.9 (17.8 – 58.2) 0.489

Overall survival 44.6 (24.7 – 71.3) 41.0 (25.7 – 66.1) 0.682

a: Fisher’s Exact Test used to determine statistical significance.
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Table 4. Multivariable analyses ‘Disease recurrence’ 
Univariable Multivariable

          Enter Backwards

Disease recurrence OR P-value OR P-value OR (95%CI) P-value

ypN+ 3.96 0.001 4.34 0.003 3.1 (1.31-7.34) 0.010

Gender, Female 0.23 <0.001 0.58 0.267

Ethnicity, white 0.54 0.240 0.68 0.545

Current smoker 2.07 0.173 0.37 0.154

Large vessel invasion 3.29 0.025 0.99 0.997

Perineural invasion 6.78 <0.001 5.32 0.002 5.22 (2.00-13.66) 0.001

Small vessel invasion 1.97 0.237 0.63 0.528

Adjuvant chemotherapy 3.19 .088 2.92 0.200

Shorter RFS* HR P-value HR P-value HR (95%CI) P-value

ypN+ 3.16 0.002 3.28 0.003 2.61 (1.25-5.44) 0.010

Sex, Female 0.63 0.247 0.77 0.22

Ethnicity, White 0.56 0.205 0.66 0.43

Current smoker 1.82 0.188 1.40 0.55

Large vessel invasion 2.89 0.014 1.06 0.91

Perineural invasion 4.90 <0.001 3.89 0.001 4.01 (1.91-8.44) <0.001

Small vessel invasion 1.78 0.239 0.64 0.44

Adjuvant chemotherapy 2.99 0.041 1.55 0.19

 *RFS: Recurrence Free Survival
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Figure 1. Kaplan Meier survival curves

*NaR: Number at risk 
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Discussion
This study assessed the outcomes of patients with clinical stage III primary rectal can-
cer who received neoadjuvant chemoradiation and underwent a R0 surgical resection. 
Since the prognostic value of persistent lymph node involvement after neoadjuvant 
treatment still remains debatable, this study compared outcomes of patients with per-
sistent nodal disease on pathology after neoadjuvant treatment to outcomes of patients 
without persistent nodal disease after neoadjuvant treatment. Our study found signifi-
cant differences in oncological outcomes between these two groups.

Most studies on persistent nodal disease after neoadjuvant treatment are focused on 
lymph node ratio8–10 and do not compare clinical stage III patients with persistent nodal 
disease to patients with a nodal response. However, two studies on lymph node status 
after neoadjuvant radiotherapy alone demonstrated that persistent lymph node involve-
ment after radiation is associated with adverse outcomes11,12. Two other studies13,14 on 
positive lymph nodes after neoadjuvant chemoradiation for clinical stage II and stage III 
disease found outcomes similar to outcomes of the current study, although one should 
keep in mind that their results are on a group of patients also including clinical node 
negative transmural tumors. One is a prospective study regarding the chance of lymph 
node metastases after neoadjuvant treatment found that nodal involvement on surgical 
pathology was a predictor of disease free survival, which is in line with findings in the 
current study13. The other study found that the chance of local recurrence was higher 
for those with a node positive intramural tumor on pathology after neoadjuvant treat-
ment (ypT0-2N+) than for patients with a node negative intramural tumor (ypT0-2N0)14. 
In addition, they showed that the chance of distant disease recurrence was higher for 
those with a node positive extramural tumor (ypT3-4N+), compared to node negative 
extramural tumors (ypT3-4N0), with a corresponding lower 5-year disease free survival. 
Local recurrence rates in the current study showed a similar trend, albeit not statistically 
significant; the findings on distant metastases were comparable to our study.  However, 
the authors of the previously mentioned study did not mention whether patients in their 
cohort received an R0-resection, which is an eminent predictor of local recurrence15–17.

Systemic disease recurrence rate in the current cohort was significantly higher in 
pathologically node positive patients, which subsequently led to a higher cancer spe-
cific death rates, although not statistically significant. This might be explained by the 
fact that almost half of the patients with persistent nodal disease who developed distant 
metastases were treated for their primary rectal cancer between 2012 and 2015, in 
contrast to the fact that 12 of the 13 node negative patients who developed metastatic 
disease were operated on before 2012. 

The difference in the metastatic disease rates implies that patients with persistent 
nodal disease after neoadjuvant treatment obviously have a more treatment resistant 
tumor than patients without persistent nodal disease. This study evaluated potentially 
correlated pathologic characteristics, such as extramural venous invasion and perineu-
ral invasion; both known for their relation with recurrent disease18,19. However, only 
perineural invasion was found to have a significant influence in multivariable models 
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in this study. The presence of disease positive lymph nodes after neoadjuvant treatment 
remained, after correction for perineural invasion, a significant predictor of distant me-
tastases development and led to a shorter disease free survival. 

Testing the pretreatment tumor for specific DNA markers which predict persistent 
lymph node disease20, or evaluating the lymph node status after the initial neoadjuvant 
treatment, for instance by using MRI21, might be useful to determine whether patients 
should undergo prolonged neoadjuvant therapy to decrease chances of disease recur-
rence. Prolonging preoperative treatment might counteract the dissemination of the 
(partly) treatment resistant tumor cells during surgery22, and it could destroy systemic 
micrometastases which are not yet visible on imaging. 

Limitations
Retrospective single center database research has its inherent limitations, such as infor-
mation and referral biases. Furthermore, although this study is a very large single insti-
tution series, the numbers are still small enough that it may not be possible to note finer 
differences in the data. Additionally, there is the inter- and intra-observer bias when 
assessing the lymph node positivity on pretreatment scans and in the surgical specimen. 
While there is some evidence that the inter-observer variability does not differ signifi-
cantly when assessing lymph nodes on pretreatment imaging in oncologic cases23, more 
evidence regarding the inter- and intra-observer variability, focused on lymph node 
assessment in rectal cancer, is needed.

We did not include post-neoadjuvant preoperative restaging, threatening of me-
sorectal fascia, or tumor regression grade in this manuscript, as these variables were not 
available for the majority of included patients. 

 
Conclusion
Neoadjuvantly treated clinically stage III patients with persistent nodal disease have 
a significantly higher chance of distant metastasis development and shorter recurrent 
disease free survival than patients with a complete nodal response to neoadjuvant ther-
apy. Preoperatively identifying these patients and adjusting their neoadjuvant treatment 
to one more focused on controlling systemic disease might result in better oncological 
outcomes. Further research should focus on factors leading to the negative effect of 
persistent lymph node involvement, such as tumor characteristics available on (biopsy) 
pathology.
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Abstract
Background
Small cohort studies demonstrated better oncologic outcomes for patients with patho-
logic complete response (PathCR) after neoadjuvant treatment for locally advanced 
rectal cancer. This study reviews long-term outcomes of a large cohort of clinically stage 
II/III rectal cancer patients who received neoadjuvant chemoradiation and surgery. 

Methods
A retrospective analysis of a single center cohort, including all clinical stage II/III rectal 
cancer patients who received neoadjuvant chemoradiation and surgery between 2004-
2014 (n=271). Cox regressions were done to assess the influence of PathCR on recur-
rence free survival (RFS) and overall survival (OS), adjusting for postoperative chemo-
therapy, clinical AJCC-staging, comorbidity, and age where appropriate. 

Results
PathCR patients had significantly lower distant recurrence rates (4% vs. 15.8%;P=0.028) 
and lower disease specific mortality rates (0% vs. 8.1%;P=0.052), compared to patients 
with residual disease. PathCR was associated with longer RFS (HR:5.6 [95%CI:1.3-23.1] 
P=0.018) and longer OS (HR:3.4 [1.31-10.0] P=0.014) compared to having pathologi-
cal residual disease.

Conclusion
This large single center study shows that patients with PathCR have significant longer 
RFS and OS than patients with residual disease on pathology after neoadjuvant chemo-
radiation. 
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Introduction
Neoadjuvant chemoradiation therapy is the standard treatment for transmural or 
node-positive rectal cancer in the United States1. Neoadjuvant treatment in rectal can-
cer can improve local control rates, may downsize tumors to improve sphincter preser-
vation and, in ~20% of cases, can completely eradicate the tumor2–4. 

Previous relatively small cohort studies and pooled analysis of these studies showed 
that patients who have a complete pathologic response (PathCR) have better short and 
long-term outcomes compared to patients with residual disease after treatment, includ-
ing lower rates of recurrent disease5 and higher 5 year disease free survival rates6. 
This paper reviews the long-term oncologic outcomes of stage II and III rectal cancer 
patients who had a resection for rectal cancer and had pathologically proven complete 
responses following neoadjuvant chemoradiation over a decade at a large single center.

Methods
Patients
All clinical AJCC stage II or III rectal carcinoma patients who received neoadjuvant 
chemoradiation therapy followed by a R0-resection at MGH between 2004 trough 
2014 were selected from a prospectively maintained, retrospective, IRB-approved data 
repository.

The cohort was then divided into two groups: a pathologic complete response group 
(PathCR, n=50) and a pathologic residual disease group (n=221). This was done based 
on pathology reports of the surgical specimen.

Statistical Analysis
All baseline and postoperative percentages were compared using ń2 or the Fisher’s exact 
test where appropriate, while medians were compared using Mann Whitney U-test. 
Kaplan-Meier curves were created to determine survival, using the Log Rank test for de-
termination of significance. Cox proportional hazard analyses were done to assess the 
relation between PathCR and survival outcomes, adjusting for significant confounding 
covariables among the following: clinical AJCC-staging, adjuvant chemotherapy, age, 
BMI, comorbidity, and gender.

All statistical analyses were done using SPSS (IBM Corp. Released 2016. IBM SPSS 
Statistics for Mac, Version 24.0. Armonk, NY: IBM Corp.).

Definitions
Pathologic complete response was defined as no viable tumor cells in either the rectal 
wall or lymph nodes on pathology of the surgical resection specimen (ypT0N0M0). This 
was assessed by dedicated gastrointestinal pathologists.

Distance from the anal verge to the distal border of tumor was extracted from flexible 
sigmoidoscopy reports or if this was absent obtained from the digital rectal exam report. 
Recurrence free survival was calculated from the date of release after baseline admis-
sion to the date of diagnosis of the local or distant recurrent disease, or the last fol-
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low-up date in patients without recurrence. Overall survival was calculated from the 
date of release to the date of death due to any cause, or last follow-up.

Results
Baseline characteristics
Two hundred seventy-one patients received neoadjuvant chemoradiation therapy and 
radical resection for locally advanced cancer, among which 50 patients (18.5%) had 
a pathologic complete response (PathCR). The majority of this PathCR group was clin-
ically AJCC-stage III (66%). Ninety-four percent of the PathCR patients had clinical T3 
or T4 disease and 6% of PathCR patients received neoadjuvant treatment for an MRI or 
ultrasound confirmed intramural tumor with suspected lymphadenopathy. These distri-
butions were not significantly different from the distributions of clinical staging in the 
residual disease group.

No significant differences between the PathCR and ResD groups were found in any 
baseline characteristics, including age, BMI, ASA-score, Charlson comorbidity score, 
gender, smoking, alcohol use, and distance from the anal verge to the tumor. Median 
number of days to surgery after the conclusion of radiation and sphincter sparing sur-
gery rates were also similar between the two groups.

Pathologic TNM-staging showed that the majority of the residual tumor patients 
(52.9%) had a pT3 tumor and 65.6% had no nodal disease in the pathology specimen. 
Five patients with residual disease were pathologic AJCC stage 0 due to residual in-
tramucosal tumor (ypTisNx), and 4 patients were pT0 with residual disease in lymph 
nodes (ypT0N+).

Pathologic T-staging was lower than clinical T-staging in 153 patients (56.9%), was 
the same in 102 patients (37.9%) and 14 patients (5.2%) had a higher pathological T 
stage than clinical T stage, according to a Wilcoxon signed rank test (P<0.001. Clinical 
T stage was unrecorded in 2 patients). This implies positive response to neoadjuvant 
treatment in residual tumor patients; however, tumor regression grades were not avail-
able for patients operated on before 2014.

Focusing on nodal disease, 123 clinically node positive patients (46.4%) showed no 
nodal disease on pathology, nodal status was the same in 136 patients (51.3%) and 6 
patients (2.2%) who were expected to have no nodal disease showed nodal disease on 
pathology. (P<0.001. Clinical N-stage was unrecorded in 6 patients).
Details on baseline characteristics can be found in Table 1.

Follow up
Adjuvant chemotherapy rates did not vary significantly between the two groups (ResD 
78.8% vs. PathCR 88%; P=0.106), and none of the patients received adjuvant radiation.
Local recurrence rates also did not differ significantly, although there was a clinically 
meaningful difference; 4.5% of the ResD group developing local recurrence in contrast 
to 2% of all PathCR patients (P=0.695). Distant metastatic recurrence rates were signifi-
cantly higher in ResD patients (15.8%), compared to the PathCR group (4%) (P=0.028). 
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Table 1. Baseline characteristics
Residual disease Path CR P-value

n= 271 221 (81.5%) 50 (18.5%)

Age (median, IQR) 60 (51.1-71.9) 56.4 (51.8-71.9) 0.462

BMI (median, IQR) 26.7 (23.7-30.1) 25.9 (24.1-29.1) 0.786

Gender, Female 85 (38.5%) 18 (36%) 0.746 

Smoking, current 29 (13.1%) 3 (6%) 0.159 

Smoking, ever 116 (52.5%) 23 (46%) 0.407 

Alcohol, social 112 (50.7%) 32 (64%) 0.088 

Alcohol, abuse 27 (12.2%) 5 (10%) 0.661 

ASA Score (mean ±SD) 2.21 ±0.46 2.18 ±0.45 0.476

Charlson score (mean ±SD) 2.40 ±0.90 2.39 ±0.84 0.604

Clinical AJCC staging 0.482 

   Stage II 64 (29%) 17 (34%)

   Stage III 157 (71%) 33 (66%)

Clinical T staging 0.388

   cT2 14 (6.4%) 3 (6%)

   cT3 177 (80.8%) 44 (88%)

   cT4 28 (12.8%) 3 (6%)

   cN + 157 (73%) 33 (66%) 0.321 

Distance from anal verge, cm (mean ±SD) 7.48 ±0.39 6.86 ± 3.59 0.712

Days end of radiation to surgery (median, IQR) 53 (46-63) 57 (45.3 – 62) 0.773

Sphincter sparing procedure 146 (66.1%) 33 (66%) 0.993 

Pathologic AJCC staging

   Stage 0 5 (2.3%) 50 (100%)

   Stage I 65 (29.4%) n/a

   Stage II 75 (33.9%) n/a

   Stage III 76 (34.4%) n/a

Pathologic T staging

   pTis 5 (2.3%) n/a

   pT0 4 (1.8%) 50 (100%)

   pT1 18 (8.1%) n/a

   pT2 66 (29.9%) n/a

   pT3 117 (52.9%) n/a

   pT4 11 (5%) n/a

Pathologic N staging

   pN0 145 (65.6%) n/a

   pN1 57 (25.8%) n/a

   pN2 19 (8.6%) n/a
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Both of the 2 PathCR patients who developed recurrent disease received adjuvant 
chemotherapy. One patient developed a local recurrence after 13 months, which was 
resected by an abdominoperineal resection, and then developed recurrence once again 
in a common iliac lymph node and in the liver after 31 and 37 months respectively, for 
which he received chemotherapy to which he showed a complete clinical response. 
The other patient developed lung metastases after 46 months, for which he underwent a 
curative wedge resection. Both patients are still alive at the moment of writing.
Median time to local or distant recurrent disease was 25.8 months (IQR 11.7 – 59.1) in 
the residual disease group, in contrast to 46.2 months (IQR 18.1 – 76.9) in the patho-
logic complete response group (P=0.009)

Rectal cancer death rates were distinctly higher in the ResD group (8.1%), with a 
median time of 28 months (IQR 17 – 38) to rectal cancer death, compared to none of 
the PathCR patients dying from rectal cancer. The overall death rate was also higher in 
the ResD group (22.6% vs. 8%, P = 0.019). Table 2.

The median follow up duration was 36.1 months for residual disease patients (Inter 
Quartile Range [IQR] 17.1 – 65.4), compared to 50.6 months for PathCR patients (IQR 
19.9-81.9; P=0.056). 

Table 2. Long-term outcomes
Residual disease (n = 221) Path CR (n = 50) P-value

Post op chemo 172 (78.8%) 44 (88%) 0.106

Post op radiation 0 0 n/a

Local recurrence 10 (4.5%) 1 (2%) 0.695*

Distant recurrence 35 (15.8%) 2 (4%) 0.028 

Recurrence free survival, months 25.8 (11.7 – 59.1) 46.2 (18.1 – 76.9) 0.009

Deceased 50 (22.6%) 4 (8%) 0.019 

Rectal cancer death 18 (8.1%) 0 0.052*

Time to rectal cancer death, months 28 (17 – 38) n/a n/a

Follow up months (median, IQR) 36.1 (17.1 – 65.4) 50.6 (19.9 – 81.9) 0.063

Survival
Kaplan-Meier analyses demonstrated longer recurrence free, disease specific and over-
all survival curves for PathCR patients when compared to patients with ResD (Recur-
rence free survival: P=0.008, disease specific survival: P=0.024 and Overall Survival: 
P=0.007). Figure 1a-c. 
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Figure 1a-c. 

a

b

c
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Multivariable analyses
Pathologic complete response was associated with a hazard ratio of 5.6 (95% CI: 1.3 – 
23.1; P = 0.018) of having a longer recurrence free survival, when compared to patients 
with residual disease on pathology.

In terms of overall survival, PathCR was a significant predictor of longer overall sur-
vival (HR 3.6, 95% CI: 1.3-10.0; P=0.014), even when adjusting for age, comorbidity, 
adjuvant chemotherapy, and clinical AJCC-staging. Cox regression outcomes can be 
found in Table 3.

Table 3. Cox regression

Recurrence free survival
Hazard Ratio (95% CI) P-value

PathCR 5.6 (1.3 – 23.1) 0.018

Overall survival
HR (95% CI) P-value

Path CR 3.6 (1.3 – 10.0) 0.014

Postoperative chemo 3.4 (1.9 – 6.0) <0.001

Clin AJCC staging 2.1 (1.1 – 4.2) 0.024

Charlson score 1.4 (1.1 – 1.7) 0.002

Age 1.1 (1.02 – 1.08) <0.001

Discussion
This study assessed whether a large single center experience confirms the current theory 
that surgically treated patients with a pathologic complete response (PathCR) to neoad-
juvant chemoradiation have improved long term outcomes when compared to patients 
with residual disease in their pathologic specimen. PathCR patients had longer recur-
rence free and overall survival even when adjusting for several confounders, such as 
adjuvant therapy and comorbidity.

Our findings on survival are in agreement with previous research on pathologic 
complete response and long-term outcomes, although earlier studies were on smaller 
cohorts or were studies aggregating data from several unrelated smaller cohorts. Pooled 
analyses of these cohorts have been done, but these included unpublished data and/or 
included studies which did not compare patients with pathologic complete response to 
patients with pathologic residual disease as their primary outcome7,8. 

This study is the second largest single-institution study that has been published on 
this subject, to our knowledge. The largest single center study included 54 patients with 
pathologic complete response, compared to 50 patients in our study, and described 
outcomes comparable to our findings5. However, their adjuvant therapy rates were 55% 
in patients with residual disease and 33% in patients with pathCR, which is much lower 
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than the respectively 79% and 88% in our study. Since adjuvant therapy is recom-
mended for patients with locally advanced rectal cancer by the NCCN guidelines1, our 
data may be more feasible to extrapolate to patients who are treated according to these 
guidelines.

Median follow-up duration was at least 3 years in both groups, which is believed 
to be sufficient to detect differences in recurrence rates. Previous literature did show 
a delay in recurrence after neoadjuvant radiation, however this delay was from 13 
months in non-radiated control group to 27 months in radiated group9, and thus most of 
the recurrences occurred within 36 months. Furthermore, another randomized trial did 
not see an increase of local recurrence rates in neoadjuvantly-radiated patients after 3 
years, or once again after 5 years10.

The reason why some patients achieve pathologic complete response while others 
do not remains unclear. Several tumor characteristics have been mentioned in previous 
literature as potential causes. These include links between pathCR and lower clinical T 
and N stage, higher radiation dose11, and the absence of certain mutations, e.g. KRAS12. 
However, most of these studies lack independent validation and have little reproducibil-
ity13. 

This study emphasizes the difference between PathCR and ResD patients. It raises the 
question as to whether we can increase the number of patients who achieve a PathCR 
by modifying neoadjuvant treatment and whether the increased number of patients with 
a PathCR would have the same improvements in long term outcome14. 

Adjusting the current practice of a 6-8 weeks interval between the ending of radi-
ation therapy and surgery by delaying the moment of surgery has been suggested15,16. 
However, a recent randomized trial was not able to show a difference in pathCR rates 
when comparing a 7 week interval between surgery and the end of neoadjuvant radia-
tion therapy to a 11 week interval, but did show increased morbidity and lower quality 
of total mesorectal excision in the 11 week interval group17. 

Whether patients with clinical complete response to neoadjuvant therapy should 
undergo surgery is presently a subject of much debate.  Two studies described similar 
long-term outcomes when comparing an operative to a non-operative approach after 
achieving clinical complete response to neoadjuvant treatment18,19. However, accurate-
ly diagnosing clinical complete response is a major issue in patients who underwent 
neoadjuvant therapy, since standard imaging modalities have low sensitivity of predict-
ing tumor depth and nodal invasion and clinical complete response shows only partial 
concordance with pathologic complete response20,21.

Besides these dilemmas about neoadjuvant and surgical treatment, there is also un-
certainty if all patients with pathologic complete response benefit from adjuvant thera-
py. Considering that several randomized controlled trials reported no significant benefit 
of adjuvant therapy in terms of survival for patients after receiving neoadjuvant therapy 
and surgery22–24, this may make the potential benefits of adjuvant therapy in PathCR 
patients questionable.
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Although patients with PathCR had significantly better long-term outcomes than 
patients with pathological residual disease, 4% of the pathCR patients did develop 
recurrent disease. The question remains as to whether increasing the PathCR rates by 
adjusting neoadjuvant therapy will result in similar low recurrence rates as those found 
in current practice, since certain patients with a complete response are evidently still 
capable of developing recurrent disease.

Limitations 
Due to the retrospective design of this study, randomization was not possible, although 
the occurrence of PathCR cannot be randomized. Nevertheless, the main advantage of 
this retrospective cohort is that this allows us to do analyses on large numbers of pa-
tients comprising a full cohort without exclusion or inclusion criteria that may bias the 
sample. Not all patients in this cohort were preoperatively staged by the same imaging 
modalities, as MRI and ultrasound were used to determine clinical staging. This may 
affect the accuracy of clinical T staging, as a large meta-analysis showed superiority of 
ultrasound in determining tumor invasion25. As this paper uses relatively small sample 
sizes, there is the risk of type II error, which could occur due to the low local recur-
rence rates. Several different neoadjuvant chemotherapy agents are used in this cohort, 
with 5 Fluorouracil as the most common, which may impede extrapolation of our 
results to all patients, although distribution of agents did not differ between pathologic 
complete response and residual disease patients.

Further research
Many uncertainties remain about the postoperative treatment of rectal cancer patients 
with a complete response. A study randomizing patients with pathologic complete re-
sponse to undergo or abstain from adjuvant therapy is required to determine the role of 
adjuvant therapy in patients with pathologic complete response. 
Besides postoperative treatment, further research could focus on prognostic factors for 
recurrent disease in patients with complete response.

Conclusion
Our large single center experience confirms that a pathologic complete response in 
rectal cancer patients treated with neoadjuvant therapy results in longer recurrence free 
and overall survival compared to patients who had residual disease, even after adjusting 
for age, comorbidity, clinical AJCC staging, and adjuvant therapy. Additionally, despite 
the fact that disease recurrence rates were lower in the PathCR group, local and distant 
recurrence still occurred in this group.  This should be a point of focus in further re-
search. 
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Summary
Surgical resection has been essential to curing patients with rectal cancer for centuries.  
Presently, the treatment of patients with rectal cancer involves more than simply sur-
gery; some patients are even cured without surgery. 
Treatment of patients with rectal cancer can consist of surgery, chemotherapy, radiother-
apy, immunotherapy, or a combination of these modalities based upon clinical staging. 
Following a surgical resection, surgical pathology defines several tumor characteristics, 
which are important to determine long-term prognosis and the subsequent need for 
adjuvant therapy.  The management of patients with rectal cancer is truly multimodal.
This thesis expands upon several aspects of the multimodal treatment for patients with 
surgically treated rectal cancer. 

Screening of the population for colorectal cancer discovers asymptomatic tumors.  
Chapter 2 discusses the advantages of discovering locally advanced rectal cancer 
through screening rather than symptomatically.  This advantage persists in stage for 
stage analysis. Screened patients demonstrated a lower rate of disease recurrence and 
had favorable disease free – and overall survival. As screening itself is not a treatment, 
these associations are most likely due to other factors beyond our dataset, such as 
tumor biology. Nonetheless, these findings do stress the importance of screening, as 
screening results in earlier diagnosis and thereby may ‘prevent’ tumor dissemination. 

Screening for colorectal cancer is recommended for middle-aged men and women; 
in the Netherlands, screening starts at age 55, while in the US there has even been a 
recommendation to lower the age at which screening commences from 50 to 45 years 
old. These age limits have been chosen because of the finding that the large majority of 
patients diagnosed with colorectal cancer are older than these thresholds. 

The incidence of rectal cancer in patients under 50 years of age is increasing over 
the past decades. The short- and long-term outcomes of these young patients were 
discussed in Chapter 3. While it was general belief that rectal cancer in young patients 
tended to be more aggressive, analyses as described in chapter 3 point out that this 
assumption may be wrong. Younger patients present with more advanced disease; how-
ever, stage-for-stage comparison with patients older than 50 demonstrate no significant 
differences in oncologic outcomes, including disease free and disease specific survival. 
Earlier diagnosis in young patients with rectal cancer may lead to improving outcomes.

Following the identification of rectal cancer using colonoscopy, additional imaging 
studies must be performed to determine the clinical stage of disease. In Chapter 4, 
the impact of under staging lymph node involvement preoperatively was analyzed. 
Outcomes of patients diagnosed with clinical stage I disease with unanticipated pos-
itive lymph nodes in the surgical resection specimen were compared to outcomes of 
patients who received neoadjuvant therapy for clinical stage III disease. All patients in 
the studied cohort received adjuvant chemotherapy, as recommended in the American 
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guidelines for rectal cancer. Patients who did not receive neoadjuvant therapy and had 
unexpected lymph node involvement on pathology demonstrated higher rates of local 
recurrence, and disease specific and overall mortality, when compared to patients who 
received neoadjuvant chemoradiation because of clinical stage III disease. Missing 
positive lymph node disease on the preoperative assessment was thus associated with 
impaired survival despite the administration of adjuvant therapy. This implies that the 
addition of neoadjuvant therapy for node positive rectal cancer in this cohort resulted 
not only in improved local control, as described in the German trial, but also improved 
distant control and subsequently survival.

Chapter 5 evaluated the outcomes of patients who had a local multivisceral R0-resec-
tion (i.e. all surgical margins were clear of cancerous cells) for a transmural tumor and 
compared these to the outcomes of patients with transmural tumors who did not under-
go a multivisceral resection. While there were no differences in local control, patients 
who underwent a multivisceral resection demonstrated higher rates of distant recur-
rence and subsequently reduced survival. Although there were no differences in re-
ported pathologic characteristics, it is reasonable to think that patients who had a local 
multivisceral resection had more aggressive tumors, resulting in tumor dissemination to 
distant organs and impaired survival.

Abdominoperineal resections are often associated with significant morbidity, mainly 
caused by perineal wound problems. The potential influence of patient positioning 
during an abdominoperineal resection on wound complications was assessed in Chap-
ter 6. Prone positioning of the patient was associated with a reduction of perineal 
wound complications, while oncologic outcomes including the involvement of the 
CRM were comparable to outcomes of patients operated on in lithotomy position. The 
positive effect of changing patient positioning might be caused by more space for the 
surgeon to maneuver and improved visualization and sterility of the operative field. A 
prospective, interventional study would be needed to confirm the presented outcomes.

In Chapter 7, the outcomes of patients with persistent lymph node involvement after 
preoperative chemoradiotherapy are discussed. When compared to patients with a 
complete nodal response, these patients demonstrated higher rates of local and dis-
tant disease recurrence, in addition to a shorter disease free interval. The node positive 
patients seemed to have a tumor which was more resistant to neoadjuvant therapy, 
although we were unable to recognize tumor characteristics resulting in this resistance. 

A select group of patients who receive neoadjuvant have a complete pathologic re-
sponse. The outcomes of patients with a complete pathologic response were evaluated 
in Chapter 8. Our large single center experience demonstrated that these patients had a 
longer recurrence free – and overall survival, compared to patients with residual dis-
ease.
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Samenvatting in het Nederlands

Chirurgische resectie is eeuwenlang essentieel geweest om patiënten met rectumcarci-
noom (endeldarmkanker) te genezen. Tegenwoordig omvat de behandeling van patiënt-
en met rectumcarcinoom meer dan alleen chirurgie; sommige patiënten genezen zelfs 
zonder chirurgie. De behandeling van rectumcarcinoom kan bestaan uit: chirurgie, 
chemotherapie, radiotherapie, immunotherapie of een combinatie van deze modalite-
iten, gebaseerd op klinische stadiering.  Nadat er een chirurgische resectie heeft plaats-
gevonden, wordt door de patholoog de karakteristieken van de tumor bepaald. Deze 
zijn belangrijk om de lange termijn prognose en de noodzaak voor eventuele adjuvante 
therapie (aanvullende therapie) te bepalen. De behandeling van patiënten met rectum-
carcinoom is dus multimodaal.
Dit proefschrift beschrijft verschillende aspecten van de multimodale behandeling van 
patiënten met chirurgisch behandeld rectumcarcinoom.

Populatie screening voor colorectaal kanker (dikke darmkanker) brengt asymptoma-
tische tumoren aan het licht. Hoofdstuk 2 bespreekt de voordelen van het ontdekken 
van lokaal gevorderd rectumcarcinoom via screening ten opzichte van het ontdekken 
door symptomen. Deze voordelen blijven bestaan wanneer analyses per ziektestadi-
um worden uitgevoerd. Gescreende patiënten hadden minder terugkeer van ziekte en 
hadden betere ziekte vrije – en algehele overleving. Aangezien screening zelf geen 
behandeling is, zijn deze associaties het meest waarschijnlijk het gevolg van factoren 
die niet in onze dataset voorkwamen, zoals tumorbiologie. Desalniettemin accentueren 
deze uitkomsten het belang van screening, aangezien screening resulteert in vroegere 
diagnose en hierbij mogelijk verdere tumordisseminatie kan voorkomen.

Colorectaal carcinoom screening wordt aangeraden voor mannen en vrouwen van 
middelbare leeftijd. In Nederland start screening bij de leeftijd van 55 jaar, terwijl er in 
de Verenigde Staten recentelijk een aanbeveling is gedaan om deze leeftijdsgrens van 
50 naar 45 jaar te verlagen. Deze leeftijdsgrenzen zijn zo gekozen wegens het feit dat 
de meerderheid van patiënten die gediagnostiseerd worden met colorectaal kanker van 
middelbare leeftijd of ouder zijn. 
De incidentie van rectumcarcinoom bij patiënten onder de 50 jaar neemt al enkele 
jaren toe. De korte - en lange termijn uitkomsten van deze patiënten werden gepre-
senteerd in Hoofdstuk 3. Terwijl men in de veronderstelling was dat rectumcarcinoom 
agressiever is in jonge patiënten, laat Hoofdstuk 3 zien dat dit mogelijk een foute aan-
name is. Jongere patiënten presenteerden zich met verder gevorderde ziekte, maar 
wanneer vergelijkingen tussen patiënten jonger en ouder dan 50 jaar per ziektestadium 
werden verricht, werden er geen significante verschillen gevonden betreffende oncolo-
gische uitkomsten. Vroegere diagnose in jonge patiënten zou tot verbeterde uitkomsten 
in deze patiëntengroep kunnen leiden.
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Nadat een rectumcarcinoom is geïdentificeerd gedurende een colonoscopie wordt aan-
vullende beeldvorming verricht om de klinische stadiering van de ziekte te bepalen. In 
Hoofdstuk 4 werd de impact van het preoperatief onderstadieren van lymfeklier-invasie 
geanalyseerd. Uitkomsten van patiënten met klinisch stadium I ziekte die bij pathol-
ogisch onderzoek van het resectiepreparaat toch lymfeklier-invasie bleken te hebben, 
werden vergeleken met uitkomsten van patiënten die klinisch stadium III ziekte hadden 
en daarvoor neoadjuvante behandeling (voorbehandeling) hadden gekregen. Alle pa-
tiënten in het studiecohort ontvingen adjuvante chemotherapie (nabehandeling), zoals 
geadviseerd door Amerikaanse richtlijnen voor rectumcarcinoom. In de patiëntengroep 
die geen neoadjuvante therapie had ondergaan en onverwachte lymfeklier-invasie 
toonde, was meer lokale terugkeer van ziekte en waren de ziekte specifieke -  en totale 
sterfte hoger. Het missen van lymfeklier-invasie bij preoperatief onderzoek en het niet 
krijgen van neoadjuvante therapie was dus geassocieerd met kortere overleving on-
danks het feit dat deze patiënten ook adjuvante therapie kregen. Dit impliceert dat het 
toevoegen van neoadjuvante therapie voor patiënten met stadium III ziekte in dit cohort 
niet alleen resulteerde in verbeterde lokale controle, maar ook het risico op afstandsme-
tastasen verkleinde en vervolgens bijdroeg aan een betere overleving.

Abdominoperineale resecties gaan vaak gepaard met significante morbiditeit, met 
name veroorzaakt door perineale wondproblematiek. De potentiële invloed van de 
positionering van de patiënt gedurende de operatie op wondproblematiek wordt in 
Hoofdstuk 5 gepresenteerd. Patiënten die gedurende de operatie van rug- naar buiklig-
ging werden gedraaid, vertoonde minder perineale wondproblematiek vergeleken met 
patiënten die de gehele operatie in rugligging werden gehouden. Oncologische uitkom-
sten, zoals tumorvrije resectiemarges, waren gelijk tussen de groepen. Het positieve 
effect van het draaien van de patiënt wordt mogelijk veroorzaakt door meer ruimte voor 
de chirurg om te bewegen en beter zicht op het te opereren gebied. Een prospectieve, 
interventionele studie zou nodig zijn om deze uitkomsten te valideren.

In Hoofdstuk 6 worden de uitkomsten van patiënten die een multiviscerale R0-re-
sectie (i.e. alle resectiemarges op verschillende organen waren vrij van tumorcellen) 
hebben ondergaan wegens een transmurale tumor vergeleken met patiënten die geen 
multiviscerale resectie ondergingen voor een soortgelijke tumor. Er werd geen verschil 
gevonden in lokale controle, maar in de patiëntengroep die een multiviscerale resectie 
onderging, waren meer afstandsmetastasen en een verkorte overleving dien ten gevolge. 
Ook al waren er geen verschillen in de gerapporteerde pathologische karakteristieken, 
het is aannemelijk dat patiënten die een multiviscerale resectie moesten ondergaan 
agressievere tumoren hadden, wat op zijn beurt weer resulteert in tumordisseminatie 
naar afstandsorganen en verkorte overleving.

Hoofdstuk 7 beschrijft de uitkomsten van patiënten met persisterende lymfeklier-invasie 
na preoperatieve chemoradiotherapie. Deze patiëntengroep heeft hogere percentages 



Chapter 9: Summary, including a summary in Dutch.

139

 9

van lokale terugkeer van ziekte en afstandsmetastasen, als mede een kortere ziektevri-
je overleving, wanneer ze vergeleken wordt met patiënten die een complete nodale 
respons vertoonden. De tumoren in de patiënten met lymfeklier-positieve ziekte leken 
resistenter tegen de neoadjuvante chemotherapie, al hebben wij geen tumorkarakteris-
tieken kunnen herkennen die kunnen leiden tot deze resistentie.

Een selecte groep van patiënten die neoadjuvante therapie ondergaat, heeft hierna een 
pathologische complete respons. De uitkomsten van patiënten met een dergelijke com-
plete respons worden in Hoofdstuk 8 beschreven. Onze grote single-center ervaring liet 
zien dat deze patiënten een langere ziektevrije en algehele overleving toonden, verge-
leken met patiënten met residuale ziekte na neoadjuvante therapie. 
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Discussion and future perspectives
The management of rectal cancer has changed substantially over time from a treatment 
consisting of an unimodal conventional non-TME surgical approach with a permanent 
colostomy to a multimodal treatment including surgery, radio- and chemotherapy with 
sphincter sparing and even a watch and wait approach. The 5-year survival rates of 
rectal cancer are currently around 65% and innovations will be required to achieve 
improvement in this multimodal treatment1. Previous chapters focused on a selected 
number of issues in the treatment of rectal cancer. In this chapter, a more holistic angle 
will be used to discuss the developments in the current management of rectal cancer 
and its future perspectives.

As mentioned before, studies presented in this thesis have limitations inherent to retro-
spective dataset research; therefore several biases could have played a role. For some 

patients the database contained an incomplete dataset, potentially causing information 
bias. However, our database comprises specific baseline patient characteristics and tu-
mor characteristics, which makes the dataset more comprehensive than the nationwide 

databases (i.e. SEER). Furthermore, as with all non-interventional studies, a retrospec-
tive design is not adequate to detect causation, merely a temporal sequence. To test the 

reproducibility of the results, some of the presented studies could lead to prospective 
randomized trials, while other studies, such as the study on impact of persistent lymph 
node disease after neoadjuvant therapy (Chapter 7), could only be re-investigated in a 

prospective (case-control) cohort study. Additionally there could have been a referral 
bias, as the research was conducted in a tertiary care center in a relatively healthy state 

in the United States. Nevertheless, rectal cancer is often an indication for referral to a 
tertiary center, both in the USA and in the Netherlands.

Diagnosis and staging
Screening
The introduction of population screening has been an important innovation for the 
diagnosis of colon and rectal cancer. It results in earlier diagnosis with earlier stage 
tumors and it reduces cancer specific mortality; a study by Shaukat et al. described a 
relative risk of 0.68 (CI 0.56–0.82) compared to no screening2–5. 

Both the USA and the Netherlands have implemented population screening for 
colorectal cancer, albeit on an opportunistic basis in the USA. However, compliance to 
these programs is a substantial issue with 30-50% of patients not initiating screening6. 
This lack of adherence is likely due to causes such as low income and (subsequently) 
poor education. While the analyses performed in Chapter 2 did not detect a significant 
difference in median modal income between patients who were diagnosed through 
screening and patients detected due to symptoms, it is likely that income plays a role in 
the screening adherence in the United States, as seen in Figure 1. 
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Screening in the USA is covered benefit on all insurance plans as well as Medicare; 
however, when a polyp is removed most of the insured pay a deductible/coinsurance, 
depending on their conditions. This deductible can be over $1350 and therefore it is 
likely that this discourages people with lower income to obtain screening.

 

Figure 1: Percentage of adults aged 50-75 years who received colorectal cancer screening by family in-

come level – National health interview survey, US, 2010 7

Whether income plays a direct role in screening adherence in the Netherlands is 
doubtful, as health insurance covering the basics of screening is mandatory; neverthe-
less, a deductible up to 885 euros has to be paid whenever further analyses are deemed 
necessary. Furthermore, studies performed in the Netherlands stated that poorly ed-
ucated patients were less likely to understand the benefits of a screening program8. 
Nation-wide campaigns could result in increased awareness for the general public and 
encourage the general physicians to explicitly advise screening in poor/lower educated 
patient groups. Whether total health care costs for patients with colon and rectal cancer 
will decrease due to increased compliance of screening has to be determined. If so, it 
would be interesting to calculate if it would save insurance companies and/or the gov-
ernment money to cover the costs of screening for all patients. 

Another group who could benefit from (focused) screening are young patients. This is 
underlined by the results demonstrated in Chapter 4. There is an increasing incidence 
of colorectal cancer in patients under the age of 509. Identifying risk groups within the 
young population is vital to determine a strategy to diagnose these younger patients 
earlier.  

In young adults, there has been a shift to increased consumption of animal fat and 
high-calorie foods resulting in an increased incidence of obesity10,11. Obesity has been 
positively associated with rectal cancer12 and therefore probably adds to the increasing 
incidence of (colo)rectal cancer in young patients. Physicians of obese younger patients 
should be particularly aware of the possibility of colorectal cancer being the cause 
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of intestinal symptoms and screening younger risk groups could result in improved 
outcomes for these patients. Furthermore, lowering the age threshold for general pop-
ulation screening could be beneficial. The American Cancer Society recently advised 
lowering the threshold for population screening from 50 to 45 years of age. It is yet to 
be determined if a lower age threshold for screening results in earlier diagnoses and 
favorable outcomes in the younger patients.

Staging
Preoperative imaging is crucial in the staging of rectal cancer. This staging starts with 
the localization of a rectal cancer. Until recently, the distance to the anal verge was 
commonly used to determine whether a tumor was a rectal or a sigmoid cancer; a 
rectal cancer was defined as a tumor at a maximum of 15 centimeters from the anus or 
distal from this. However, this definition did not respect individual anatomy and more-
over this was not the only definition used, resulting in inconsistency when differentiat-
ing high rectal cancers from sigmoid tumors, which subsequently resulted in different 
treatment strategies. A recent consensus meeting13 defined the rectum as: “the point of 
the sigmoid take-off as visualized on imaging. The sigmoid take-off can be identified as 
the mesocolon elongates as the ventral and horizontal course of the sigmoid on axial 
and sagittal views respectively on cross-sectional imaging.” Figure 2 . This new defini-
tion will provide uniformity when determining treatment for patients with a (high) rectal 
cancer as well as when including patients in trials. Unfortunately, this definition of the 
rectum was described after the research presented in this thesis was conducted; there-
fore the cut-off of 15 centimeters from the anus is still used to define a rectal cancer in 
this thesis. 

            

Figure 2: Location of the rectum on MRI. Source: D’Souza et al. 13
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Recently updated Dutch guidelines on pre-treatment staging advise to perform an MRI 
of the rectum with diffusion weighted imaging to assess the locoregional stage (i.e. the 
T- and N-stage) and a CT-scan of the abdomen and thorax to assess synchronous distant 
metastases (i.e. the M-stage). The evaluation of potential lung metastases was - until 
these updated guidelines - performed by either a X-thorax or a CT-thorax, depending on 
the hospital-specific protocol. The reported incidence of synchronous pulmonary me-
tastases in rectal cancer patients ranges from 10-18%14,15 and there is evidence that CT 
is more sensitive to identify pulmonary metastases compared to X-ray15–17. However, the 
addition of a CT-thorax to the standard work-up for colorectal cancer has gained resis-
tance. A commonly used argument against using CT-thorax as a staging modality is the 
detection of indeterminate pulmonary lesions (in 9-42% of the patients), while only a 
minority of these lesions turn out to be malignant (between 6-16%)14,16,18. Furthermore, 
the use of CT-thorax does not result in alteration of treatment16,18, questioning whether it 
is worth the costs, the insecurity for the patient, and the extra radiation exposure.

An important variable in staging is clinical suspicion of nodal spread; in both the Neth-
erlands and the USA it is a clear indication for neoadjuvant therapy. As described in 
Chapter 3, there are numerous studies regarding the improvements in recognizing nod-
al involvement on imaging assessment. Nonetheless, specificity of preoperative MRI to 
detect lymph node involvement only reaches 76-86%19,20 so there will remain patients 
with unexpected lymph node disease who did not receive neoadjuvant therapy as well 
as patients who may receive neoadjuvant treatment who did not need it. The optimal 
treatment of these patients with unexpected positive lymph nodes remains debatable 
although we proceed with adjuvant chemo/radiation. A study prospectively assessing 
the influence of different sorts of adjuvant therapy on the outcomes of patients with un-
expected lymph node disease would be needed to determine the best treatment for this 
specific patient group. Such a study should also consider aspects including treatment 
tolerance and the impact of surgical complications resulting in a delay or elimination of 
systemic therapy21. Additionally, improvement of the specificity of imaging modalities is 
required to protect patients from undertreatment. 

Prehabilitation
The past few years medical professionals have become aware of the potential impact of 
prehabilitation; “the practice of enhancing a patient’s functional capacity before sur-
gery, with the aim of improving postoperative outcomes”22. Although current Dutch and 
American guidelines do not have added prehabilitation to their recommendations, there 
is evidence that several weeks of prehabilitation before elective colorectal surgery is re-
lated to improved outcomes regarding walking capacity, shortening of hospital stay and 
return to presurgical functional capacity23–25. Currently a large international randomized 
controlled trial is including patients to assess the outcomes of prehabilitation before 
colorectal cancer surgery26.
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Adjuvant modalities
The main goal of cancer treatment is removing all viable cancer cells at the primary 
tumor site, circulating cells in blood and lymphatic vessels and in the peritoneal fluid, 
and at distant sites such as lungs and liver. For rectal cancer, the local treatment at the 
tumor site consists of surgical resection, and in some patients preceded by (chemo)
radiotherapy. The systemic treatment, focusing on tumor cells other than at the primary 
tumor site, currently comprises of chemotherapy. 

Radiotherapy
Radiotherapy is based on the principles of double strand DNA damage resulting in cell 
death and is used as an adjunct to surgery to improve local control for decades. Over 
the years, the outcomes of patients with locally advanced rectal cancer treated with 
radiotherapy and surgery have been assessed by many studies. Meta-analyses published 
in the early 2000’s suggested improved local control after preoperative radiotherapy 
compared to conventional non-TME surgery. The cancer related survival improved as 
well, while the overall survival rate marginally increased or did not increase at all27,28.  
Nevertheless, these meta-analyses included certain studies, including the Swedish Rec-
tal Cancer Trial, in which the surgeons still performed conventional non-TME surgery, 
while total mesorectal excision is the current gold standard29. In the Dutch TME trial, 
effects of radiotherapy as an adjunct to TME surgery were assessed and the outcomes 
confirmed a decreased local recurrence rate for patients allocated to radiotherapy 
followed by TME30. Furthermore, the authors described an improved cancer specific 
survival, which was nullified by an increase of death by other causes, resulting in no 
difference in overall survival. Whether the improved local control and disease specific 
survival achieved by administering preoperative radiotherapy justifies higher rates of 
morbidity and (non-rectal cancer) mortality remains an important question. 

Analyses of the patients who developed local recurrences in the TME trial demon-
strated that time to local recurrence did not differ significantly between patients treated 
with preoperative radiotherapy and TME for the primary tumor and patients treated 
with TME only31. However, patients who received preoperative radiotherapy followed 
by TME surgery had a significantly shorter survival after local recurrence, compared 
to patients who only received TME surgery. This difference could be explained by po-
tential difference in tumor characteristics/biology. Nevertheless, the difference in sur-
vival emphasizes the fact that the effect of radiotherapy on tumor behavior has yet to 
be determined. Aside from tumor biology, the treatment options for patients with local 
recurrence after previous irradiation are limited, as more radiation is often not feasible 
because of tissue tolerance and options for surgical resection are often impaired due to 
fibrosis and adhesions. Patients who are treated with preoperative radiotherapy and TME 
surgery and who are prone to develop local (and distant) metastases, might benefit from 
pre- or postoperative chemotherapy. So far little is known about characteristics of this 
risk group and this needs to be assessed.
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Preoperative chemoradiotherapy
Neoadjuvant chemoradiation is recommended in both the USA and the Netherlands for 
a select group of patients with locally advanced disease (as seen in table X Differences). 
Guidelines regarding preoperative (chemo)radiotherapy are different in the USA and 
the Netherlands; in the USA long-course preoperative chemoradiotherapy is com-
mon practice for all patients with locally advanced disease, while in the Netherlands 
there are different indications for short-course preoperative radiotherapy and long-
course preoperative chemoradiotherapy (Table 1). This deviation between the USA and 
the Netherlands has grown over time. Until the early nineties, adjuvant long-course 
chemoradiotherapy was the golden standard after conventional, non-TME surgery for 
all locally advanced rectal cancer32. In the early 2000’s, the outcomes of the German 
trial33 demonstrated that preoperative chemoradiotherapy led to improved local control 
and was associated with reduced toxicity, compared to postoperative therapy, with no 
difference in overall survival. Long-course neoadjuvant chemoradiation became stan-
dard of care for locally advanced rectal cancer in the US, while short-course radiother-
apy, introduced by the Stockholm Rectal Cancer Study group34, became more common 
practice in the northern European countries, including the Netherlands. Two random-
ized controlled trials assessed differences between short-course radiotherapy and long-
course chemoradiotherapy35,36 and the researchers found no significant differences in 
anal sphincter preservation, postoperative complications, local control, late toxicity, or 
survival. 

In the USA, many radiation oncologists hold on to the long-course chemoradia-
tion37–39. A personal interview with American radiation oncologist taught me that this is 
due to the fact that the previously mentioned trials were not conducted in the United 
States, and therefore were not deemed applicable as they operated with different health 
care systems. Furthermore, in a survey, American radiation oncologists indicated to wait 
for more long-term results such as late-onset toxicity before recommending short-course 
radiotherapy37. 

The introduction of neoadjuvant (chemo)radiotherapy led to a new quest; deter-
mining the appropriate treatment for patients with a complete clinical/pathological 
response after this preoperative therapy. Results presented in Chapter 8 demonstrated 
that patients with a complete pathologic response have significant better long-term 
outcomes compared to patients with residual tumor. Elaborating on these outcomes, 
the main question is whether a surgical resection, and the concomitant morbidities, can 
be avoided. Currently, several prospective cohort studies and non randomized trials are 
enrolling patients to investigate the long-term outcomes of a non-operative approach for 
patients with clinically complete response after neoadjuvant (chemo)radiotherapy40–43.
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Table 1. Differences in recommendations regarding neoadjuvant treatment 
 between US & The Netherlands

The Netherlands USA

Stage I No (neo)adjuvant therapy No neoadjuvant therapy

Stage II cT3N0 >5mm extramural invasion; distance 
to MRF >1mm: neoadjuvant short course 
radiotherapy *

cT3-T4N0 Neoadjuvant therapy: 
[chemo]radiation

cT4 or cT3 with distance to MRF ≤ 1mm : 
neoadjuvant long-course chemoradiation **

Stage III cT1-3N1: neoadjuvant short-course radio-
therapy *

cT1-4N1-2: neoadjuvant (che-
mo)radiotherapy

cT4N1-2: Neoadjuvant long-course chemo-
radiation **

Stage IV Depending on the resectability of the tumor Induction chemotherapy and 
radiotherapy

* short-course radiotherapy: 25 Gy in fractions of 5 Gy
** long-course chemoradiation: 45-50 Gy in fractions of 1.8-2 Gy, combined with oral capecitabine (USA 
and Netherlands) or infusional 5-FU (USA)

Chemotherapy
Chemotherapy is at present the main modality in the systemic treatment of rectal can-
cer. Important to note is the difference between chemoradiation as discussed earlier, 
where the chemotherapy is used as a radiosensitizer, and the chemotherapy used as a 
systemic treatment to eradicate circulating micro-metastases. For rectal cancer, intrave-
nous 5-fluorouracil or oral capecitabine are the most commonly used radiosensitizing 
drugs. These kinds of drugs interfere with the repair systems that allow damaged cells to 
recover from radiation injury44. Intravenous FOLFOX (folinic acid, 5FU, and oxaliplatin) 
is the main combination used as systemic chemotherapy treatment. This combination 
intervenes on different points in the cell cycle, resulting in cell death. The USA and the 
Netherlands differ on recommendations on the use of chemotherapy as systemic treat-
ment. There is no indication for (adjuvant) systemic chemotherapy for locally advanced 
primary rectal cancer in the Netherlands, while in the USA adjuvant chemotherapy is 
recommended for patients with this stage of disease. Guidelines in the USA are based 
on studies focusing on colon cancer45–48, studies with a small subset of rectal cancer 
in a group of patients with colorectal cancer49, and studies on patients with metastat-
ic disease50–52. Guidelines in the Netherlands are based on the belief that there is no 
evidence supporting adjuvant therapy for rectal cancer, which is endorsed by a system-
atic review performed by Bujko et al. demonstrating no significant benefit of adjuvant 
chemotherapy in patients treated with neoadjuvant radio(chemo)therapy53.

The difference in recommendation for adjuvant therapy between the United States 
and the Netherlands makes it difficult to translate the outcomes of the studies presented 
in this thesis to the Dutch practice. Potential future studies can prospectively compare 
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outcomes of patients treated with neoadjuvant therapy, surgery, and adjuvant therapy in 
the USA to outcomes of patients treated with neoadjuvant therapy and surgery only in 
the Netherlands. 

Even though guidelines do not agree on the administration of adjuvant therapy after 
the standard preoperative radio(chemo)therapy and TME-surgery, there is currently 
internationally great interest in the effects of adding systemic chemotherapy upfront. 
Retrospective cohort studies have demonstrated positive effects of neoadjuvant chemo-
radiation followed by pre-operative long-course chemotherapy and TME surgery on tu-
mor regression and long-term outcomes54–58. Elaborating on these findings, prospective 
studies have been completed on this subject and the results are promising. Chau et al. 
assessed the outcomes of administration of long-course chemotherapy  (oxaliplatin and 
capecitabine) followed by concurrent chemoradiotherapy (capecitabine and 45Gy ra-
diotherapy) and TME surgery in a phase II study and found substantial tumor regression 
and response of symptoms59. Garcia-Aguilar published a trial randomizing between 
neoadjuvant chemoradiation (fluorouracil infusion and 50.4 Gy radiotherapy) directly 
followed by TME surgery and neoadjuvant chemoradiation (as above) followed by long 
course chemotherapy (leucovorin, oxaliplatin, and fluorouracil) and subsequent TME 
surgery. The results demonstrated an increased pathologic complete response rate when 
long-course chemotherapy was added after neoadjuvant chemoradiation60. At the time 
of writing, Garcia Aguilar et al. are including patients in a trial comparing patients who 
receive neoadjuvant long-course chemotherapy followed by chemoradiation (induction 
chemotherapy) to patients who receive neoadjuvant chemoradiation followed by long 
course chemotherapy (consolidation chemotherapy). After completion of these two 
different regimens, all patients will be restaged and depending on the response to the 
therapies, patients will undergo either a total mesorectal excision or will be followed 
using a watch-and-wait approach61,62. 

Identifying patients who would benefit from this ‘all upfront’ regimen is detrimental 
to protect patients from overtreatment. Potentially, patients who are expected to need a 
local multivisceral resection, as described in Chapter 5, would benefit from a systemic 
treatment upfront. 

Identification of treatment susceptibility
Identification of risk factors and tumor characteristics related to treatment susceptibility 
or resistance is an essential part of the work-up of rectal cancer. Liquid biopsy could 
become an important innovation to identify subgroups of patients who will benefit from 
certain systemic treatments. Tie et al. demonstrated that analysis of post-TME surgery 
circulating tumor-DNA after neoadjuvant therapy enables stratification of patients 
with locally advanced rectal cancer into groups at high or low risk of recurrence63. 
The technique described by Tie et al. is currently focused on postoperative circulating 
tumor-DNA, but it is likely that in the future the pre-treatment tumor-DNA will give 
the physician information on treatment susceptibility.  Additionally, patients at risk for 
treatment resistance may be identified before surgery by testing for specific tumor-DNA 
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characteristics associated with for instance persistent lymph node disease (Chapter 7)64 
or evaluating lymph node status after neoadjuvant therapy using MRI65. This higher risk 
group provides candidates for an alternative treatment plan before commencing sur-
gery, for example adding long course chemotherapy upfront, as discussed above. 

Immunotherapy
Further focusing on the future of systemic therapy, immunotherapy is likely to take an 
important role in the treatment of rectal cancer. There have been promising results of 
immunotherapy in studies with small groups of patients with microsatellite instable col-
orectal tumors66 and prospective studies focusing on the effects of immunotherapy for 
colon and rectal cancer specifically are currently including patients. 

Surgery
One of the major breakthroughs in the treatment of rectal cancer in the past several 
decades has been the introduction of total mesorectal excision (TME) surgery. Several 
studies demonstrated that training surgeons according to the TME principles resulted in 
improved outcomes, such as a decrease in number of abdominoperineal resections, a 
lower local recurrence rate and improved overall survival67,68.

There are several ways in which surgeons are trained nowadays. The traditional way 
of teaching was in a one-on-one fashion, while the newer modalities include online 
training, for instance through live surgery, simulation surgery in a training lab, and train-
ing on cadavers to get familiar with the anatomy. 

Elaborating on the principles of the TME as introduced by Professor Heald, there is 
currently great interest in the transanal total mesorectal excision (TaTME) for low rec-
tal cancers, especially in challenging cases such as obese and/or men. This technique 
derived from the need for enhanced visualization of the pelvis and hereby-potential 
improvement of the surgeon’s evaluation of the distal resection margin. However, 
the introduction of a new surgical technique is not without it’s downsides. The first 
TaTME-procedure was performed in 2010 by Professor De Lacy and dr. Sylla and after 
this, several institutions implemented the technique, while there was no standardization 
for this technique. As with any other surgery, TaTME has a learning curve, which has 
been thought to affect major complications in the first 40 patients69.  Among the early 
introducers there were also lower volume and less experienced surgeons, which con-
tributed to high complication rates in the early days, with postoperative morbidity over 
30%70,71. In contrast to the introduction of a new medicine, which has to go through 
several steps of approval, there was no standardized manner of implementing a new 
surgical technique until the introduction of the IDEAL framework in 2009 (Idea, Devel-
opment, Exploration, Assessment and Long-term)72. The introduction of TaTME followed 
this framework in the two first steps; however, in the exploration phase, the technique 
was quickly adopted widely and it was difficult to monitor the indications and the out-
comes. Based on these insights, guidelines, training programs and registries have been 
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set up to improve and monitor the results. Aside from promising short-term outcomes, 
long-term oncologic outcomes after TaTME are still uncertain and the randomized con-
trolled trials COLOR III and GRECCAR 11 are currently enrolling patients to ascertain 
these outcomes. 

Surgical techniques for rectal cancer resection are largely comparable world-wide, 
although there is an importance difference between Europe/the USA and the Eastern 
countries, being the lateral lymph node dissection. For instance in Japan, the lateral 
lymph node dissection is – in addition to TME – the golden standard for locally ad-
vanced rectal cancer73, while this is not common practice in Western countries. Local 
control after this kind of dissection seems to be comparable to that after neoadjuvant 
chemoradiation, however, patient groups are difficult to compare74. Furthermore, there 
is doubt whether lateral lymph nodes larger than 1cm are treated sufficiently with 
chemoradiotherapy75. As this concerns a small group of rectal cancer patients, large 
international studies are needed to assess the optimal treatment for these patients. 

As discussed in the general introduction, surgical approaches for rectal cancer resec-
tion are expanding and robotic surgery has been one of the latest additions to the list 
of options. Robot-assisted surgery for rectal cancer has gained popularity over the past 
decade as it could improve visualization and retrospective studies reported lower rates 
of conversion to open surgery than conventional laparoscopy. However, the authors of 
the prospective ROLARR trial randomized patients between robot-assisted and conven-
tional laparoscopy and could not detect any significant difference in short-term out-
comes76. Additionally, TME quality and oncologic outcomes seemed to be comparable 
in a recent systemic review and network meta-analysis comparing robot-assisted, con-
ventional (laparoscopic) and transanal minimal invasive surgical techniques77. Perhaps 
the introduction of single port robot-assisted laparoscopic surgery leads to improved 
short-term outcomes including morbidity, as there is less parietal peritoneal trauma, and 
better cosmetic outcomes78. Whether these benefits outweigh the high costs and learn-
ing curve of this technique has to be determined.

There are intra-operative innovations that could help surgeons to obtain improved 
outcomes. Intra-operative fluorescence angiography is used to assess anastomotic 
perfusion79–82, so that an anastomosis can be done without a diverting ileostomy during 
the initial resection, although this technique is currently mainly used in trial setting. 
Additionally, fluorescence can be used to recognize nerves, and imaging of the ureters, 
to decrease chance of iatrogenic injury to these structures83. A reasonable explanation 
why fluorescence is not commonly used might be the costs in combination with lim-
ited evidence regarding the impact of this modality. The IntAct trial is a randomized 
trial designed to demonstrate the difference between conventional surgery and surgery 
including the fluorescence technique and this study is currently including patients82. 
Furthermore, options to use image-guided navigation during rectal cancer surgery are 
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explored. This technique uses augmented reality to project anatomic structures, as seen 
on preoperative imaging, onto the patient’s body during the surgical resection84. When 
performing a transanal TME resection or an abdominoperineal resection, as described 
in Chapter 6, image-guided navigation provides an increase in recognition and sparing 
structures such as the urethra and pelvic nerves important for sexual functioning. 

To conclude, rectal cancer is a disease that is best treated with a multimodal approach, 
including radiotherapy, systemic therapy, and surgical resection. While morbidity and 
mortality have been decreasing over the past decades, there is still a lot to learn. With 
this thesis I hope to have provided an overview of current issues and future perspectives 
of the multimodal treatment of rectal cancer.
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Dankwoord 

Vier jaar nadat ik vertrok naar Amerika is het zo ver. Het boekje is af! Ondertussen is 
er al een hoop veranderd; ik ben twee ANIOS-plekken en het begin van de opleiding 
verder… Het was nooit zo ver gekomen als ik niet de steun en motivatie van de mensen 
om mij heen had gekregen en daarvoor wil ik een aantal mensen specifiek bedanken.

Beste Prof. Bonjer, dankzij u heb ik mijn onderzoek in Amerika om kunnen zetten in 
een promotietraject en daar ben ik u zeer dankbaar voor. Ondanks uw drukke agenda 
stond u altijd klaar om te helpen; van het verbeteren van mijn schrijven tot advies over 
en hulp bij solliciteren. U bent een waar voorbeeld!

Dear Dr. Berger, dear Dave. I cannot thank you enough for all your time, positivity, and 
help with this project. I had some large shoes to fill after Ramzi left, but you gave me 
the time and space to make this project my own. I had an amazing time in Boston and 
you and Micki (and Dolce and Vita) definitely added to that. Thank you!!

Geachte leden van de promotiecommissie, Beste prof. Beets/Geerard, dr. Van Grieken, 
dr. Kusters/Miranda, prof. Tanis en dr. Plaisier, hartelijk dank voor jullie tijd en moeite 
om het proefschrift kritisch te beoordelen en te opponeren tijdens mijn verdediging.

Beste Ramzi, mega bedankt voor al jouw hulp in de maanden vóór en eerste maanden 
in Amerika. Dankzij jou hebben Lieve en ik veel onderzoeks-wielen niet opnieuw ho-
even uitvinden en je hebt me de beste Hot Wings van Boston leren kennen. 
Many thanks to all American co-authors for our collaboration and your contribution to 
our articles together.

Onderzoeksgroep van de VU Heelkunde; dank dat ik als ‘buitenland-buitenstaander’ 
altijd even bij jullie mocht aansluiten, van cursussen tot wachtende op een afspraak met 
Bonjer. Heeft mijn onderzoekstijd in Nederland zeker (nog) leuker gemaakt!

Beste bazen, lieve ANIOS/AIOS-collegae van AvL, Spaarne en ASz. Heerlijke en leer-
zame groepen om mee samen te mogen werken. Zonder twijfel bevestiging dat ik mij 
thuis voel in de Heelkunde.

Beste dr. Plaisier en dr. Avontuur, mensen geloven het niet als ik jullie namen in een zin 
noem als zijnde mijn opleiders in Dordrecht; “Dat móet dan wel een goede plek zijn” . 
En dat is het zeker; hartelijk dank voor het vertrouwen in mijn opleiding. Ik kijk uit naar 
nog mooie jaren!

Allerleukste Boston-vriendjes, lieve Fred, Mau, Marc2, Q’e, Es, Door, Jacco.  
Wat heb ik een fantastische tijd met jullie gehad. Weekend tripjes, etentjes, dansavon-
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den, Tatte. Dankzij jullie is Boston echt een onvergetelijke tijd!

Lieve Liek en Chris. Jullie wil ik speciaal bedanken voor jullie bezoek aan mij in Amer-
ika. Samen met jullie nieuwe plekken in Boston maar ook nieuwe steden in Amerika 
leren kennen, vond ik echt heel bijzonder.

Liefste leukste meisjes, Lieve Bep, Tirz, An, Died en Stef, ondanks dat jullie waarschi-
jnlijk de helft van de tijd geen idee hadden waar ik nou precies mee bezig was, bleven 
jullie altijd checken hoe het met mij ging en zorgen jullie er nog altijd voor dat ik het 
ziekenhuisleven weer even helemaal los kan laten. 

Lieve Mendy, bij onze koffietjes en etentjes altijd even kort sparren over de voortgang 
van onze promoties zorgde regelmatig voor extra motivatie om toch weer even door te 
werken. Dat ik volgend jaar jouw paranimf mag zijn, vind ik dan ook een grote eer!

Lieve Tess, ik ben mega blij om jou nog steeds als heel goed vriendinnetje te hebben 
sinds de middelbare school. Je hebt mij afgelopen jaren het hele traject zien doorlopen, 
waarbij je altijd voor goede afleiding zorgde. Lieve Gaag, sinds eerste jaar geneeskunde 
hadden wij dezelfde ambities wat betreft opleiding en kijk ons nu. Ik hoop je nog heel 
veel jaren te zien op en buiten werk!

Lieve Patrick, Karin en Joep. Dank voor jullie aanhoudende interesse in mijn werk en 
voor altijd begripvol zijn als ik weer eens later aansluit bij een etentje door werk. Ik 
prijs mijzelf gelukkig dat Bart zo een fijne familie heeft!

Lieve Quirina Bwan Siok Thio, Lieve Q’a, stel je voor dat jij en Lieve niet in een huis 
hadden gewoond… Boston had er zo anders uit gezien. Ik ben  heel blij dat ik jou als 
vriendinnetje over heb gehouden aan die fantastische tijd en ik ben zeer vereerd dat jij 
dan ook mijn paranimf wil zijn.

Lieve Godelieve, lieve Liev, Wie had dit verwacht. Fantastisch om te merken dat zo’n 
bijzondere vriendschap kan ontstaan in zo’n korte tijd. Ik kan het me ook niet meer 
anders voorstellen en ben dan ook mega blij dat jij mijn paranimf wil zijn.

Lieve Nina en Raoul, wat heb ik een geluk met jullie als zusje en broertje. Het is dat je 
familie niet kan kiezen, maar anders had ik sowieso jullie gekozen! Ik ben dan ook heel 
blij dat we elkaar weer wat vaker zien nu ik regelmatig in Rotterdam ben voor mijn 
opleiding. Hopelijk houden we dat vast als ik weer terug ben in Amsterdam.

Lieve pap en mam, dankzij jullie kunnen Nien, Roel en ik aan alles beginnen waar we 
van dromen. Jullie zorgen voor motivatie om door te gaan, met af en toe een kritische 
noot om over na te denken. Bedankt dat jullie altijd voor ons klaar staan en hopelijk 
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kan dat ook nog lang in goede gezondheid!

Lieve Groop, het –volgens jou- ultieme doel is behaald; het boekje is af en een van je 
kleindochters zal toch echt gaan promoveren. Helaas heb je het einde niet gehaald, 
maar je enthousiasme was aanstekelijk en ik hoop dat het erfelijk is.

Lieve Bart, als er iemand is die mij kan motiveren, inspireren, opvrolijken en kan laten 
relativeren, dan ben jij het. Dank voor al je liefde en aandacht. Ik lief je oneindig en ik 
hoop dat wij samen later in de zon op het terras tandenloos (nouja misschien alleen ik, 
jij dan met tanden) terug kijken op een heerlijk leven samen.
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