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Abstract
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Colorectal cancer remains a major cause of cancer-related morbidity and mortality. In rectal
cancer, accurate pretreatment risk stratification is essential for guiding neoadjuvant treatment
and surgical planning. Magnetic resonance imaging (MRI) plays a central role in this process,
but the interpretation and prognostic value of mesorectal tumor deposits and other malignant
nodular structures remain incompletely understood. In parallel, many patients undergoing rectal
cancer surgery require a permanent colostomy, and parastomal hernia is a common long-term
complication. The roles of prophylactic mesh, stoma placement and abdominal wall changes,
including rectus abdominis muscle atrophy, are incompletely understood.

The overall aim of this thesis was to expand knowledge in two clinically relevant areas of
colorectal cancer: MRI-defined and histopathological mesorectal nodular disease as markers of
metastatic risk in rectal cancer, and factors associated with parastomal hernia formation after
permanent colostomy.

Paper I investigated the correlation between pretreatment MRI and histopathology for
detecting tumor deposits and differentiating them from lymph node metastases in patients
with rectal cancer who had not received neoadjuvant therapy. MRI had limited ability to
identify histopathologically defined tumor deposits, particularly when deposits were small, and
differentiation from metastatic lymph nodes was challenging.

Paper II evaluated whether MRI-defined mesorectal nodular structures were associated with
outcome in rectal cancer. Increasing numbers of strictly defined suspicious lymph nodes and
MRI-defined tumor deposits with venous continuity were associated with worse cancer-free and
overall survival, suggesting that the burden of confidently malignant mesorectal nodular disease
on MRI may provide prognostic information even when precise pathological classification is
uncertain.

Papers 11 and IV investigated parastomal hernia after permanent colostomy. Paper III found
rectus abdominis muscle atrophy to be more frequent after prophylactic mesh placement and
associated with lower odds of parastomal hernia. Paper IV, based on data from a prospective
randomized multicenter trial, did not confirm the previously observed association between
mesh, rectus abdominis muscle atrophy and reduced hernia risk.

In conclusion, this thesis shows that pretreatment MRI cannot reliably reproduce the
histopathological distinction between tumor deposits and metastatic lymph nodes, but that MRI-
defined malignant mesorectal nodular burden may still have prognostic value. The findings
also indicate that associations between prophylactic mesh, abdominal wall changes after stoma
construction and parastomal hernia risk may be context-dependent, highlighting the need for
standardized definitions, careful endpoint selection and further validation before changes in
clinical practice are implemented.
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Introduction

Colorectal cancer is one of the most prevalent cancers worldwide, causing
substantial morbidity and mortality. Prognosis is strongly dependent on the
extent of tumor invasion at diagnosis: early-stage disease has high five-year
survival rates, whereas advanced, metastatic disease is more difficult to treat
effectively. About one third of colorectal cancers occur in the rectum and are
regarded as rectal cancer.

Despite clinical progress, challenges remain. One key issue is how to accu-
rately predict metastatic risk in rectal cancer, particularly for those without
overt distant metastases but with disease that is not clearly low risk. The pres-
ence of mesorectal tumor deposits (TDs) has emerged as a potentially power-
ful prognostic indicator for metastatic disease, yet its clinical role remains un-
clear. Treatment of rectal cancer usually involves surgery, either alone or com-
bined with neoadjuvant radiotherapy; in some patients, systemic chemother-
apy is also administered before surgery as part of total neoadjuvant treatment
(TNT). After surgery, an additional challenge concerns patients who require a
permanent stoma. Parastomal hernias are frequent and may severely impair
quality of life, and evidence regarding the best preventive measures remains
mixed.

This thesis aims (1) to improve understanding of how TDs in rectal cancer
can be identified on pretreatment MRI and how they influence the risk of met-
astatic disease and mortality, and (2) to investigate factors contributing to the
formation of parastomal hernias, including the role of prophylactic mesh and
abdominal wall muscle atrophy. These issues are explored in four studies
based primarily on retrospective analyses of imaging, registry and trial-de-
rived data, ultimately seeking to improve diagnostic accuracy, prognostic as-
sessment and prevention strategies.

Anatomy

Colon and rectum

The colon and rectum together form the large intestine, which plays a central
role in water absorption, electrolyte balance, and the formation of feces. The
colon is approximately 1.5 meters long and consists of five main segments:
cecum, ascending colon, transverse colon, descending colon, and sigmoid
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colon. The colon begins at the cecum, where it connects to the small intestine,
and ends at the rectum, illustrated in Figure 1.

The rectum is the terminal segment of the large intestine. Anatomically, it
extends from the rectosigmoid junction—often approximated at the level of
S3—where the colonic taeniae coli broaden and merge to form a continuous
longitudinal muscle layer, to the anorectal junction at the level of the pelvic
floor (levator ani). In clinical practice, a pragmatic surgical definition is fre-
quently applied, in which the rectum is defined as the distal 15 cm from the
anal verge measured with a rigid (straight) proctoscope. On MRI, the transi-
tion from sigmoid colon to rectum is commonly defined by the sigmoid take-
off, identified where the bowel departs from the sacral concavity and turns
ventrally/horizontally as it continues into the sigmoid colon [1]. The sigmoid
take-off is used as a standardized definition in the Netherlands but is not yet
used in Sweden. The rectum serves as a storage site for fecal matter before
defecation and is sometimes anatomically divided into upper, middle, and
lower thirds. The rectum is surrounded by the mesorectum, the embryological
compartment of fatty tissue that contains blood vessels, lymphatics, and lymph
nodes, which are crucial for tumor staging and surgical planning.

The superior mesenteric artery (SMA) arises ventrally from the abdominal
aorta and supplies the small intestine and the proximal half of the colon, up to
the mid-transverse colon. The inferior mesenteric artery (IMA) is a smaller
artery that originates more distally from the aorta and supplies the remaining
part of the colon and, via the superior rectal artery, a large portion of the rec-
tum. These areas are drained by the corresponding veins — the superior and
inferior mesenteric veins — including the superior rectal vein, which is a
branch of the inferior mesenteric vein. Together with the splenic vein, these
veins form the portal vein, which enters the liver and provides most of its
blood supply. This portal venous route allows absorbed nutrients and other
intestinal substances to be processed by the liver before entering the systemic
circulation.

The lower part of the rectum is supplied and drained by the inferior rectal
arteries and veins, which are paired vessels arising from the internal pudendal
artery and vein, themselves branches of the internal iliac vessels. Venous
drainage from the lower rectum therefore ultimately enters the vena cava, by-
passing the liver. The middle rectal vessels represent a common anatomical
variant; their anatomy is variable, but they are typically located between the
superior and inferior rectal vessels and also originate from the internal iliac
vessels.

This anatomical understanding is essential for determining surgical and on-
cological treatment principles. For colon cancer, segmental resection with
lymph node dissection is the standard surgical approach. In rectal cancer, the
mesorectum—containing blood vessels, lymphatics, and lymph nodes within
a fascial compartment—represents the primary route for local tumor spread.
Surgical removal must therefore include the entire mesorectal envelope to
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achieve oncologic adequacy. This principle, known as total mesorectal exci-
sion (TME), forms the basis for modern rectal cancer surgery [2]. In both co-
lon and rectal cancer, the fact that intestinal segments are accompanied by
their vascular and lymphatic supply within defined anatomic compartments
allows for en bloc removal of tumor-bearing tissue.

The location of the tumor within the colon or rectum also influences deci-
sions regarding neoadjuvant therapy, surgical margins, and stoma formation.
The confined pelvic anatomy and proximity of the mesorectal fascia make
local staging and radiotherapy planning particularly important in rectal cancer.

Figure 1

Overview illustrating colorectal anatomy emphasizing metastatic routes in
rectal cancer

1 Cecum (A), ascending (B), transverse (C), descending (D), and sigmoid (E)
colon transitioning into the rectum (F) for the final 15 cm. 2 Common distant
metastatic sites in colorectal cancer: liver (A) and lungs (B). 3 Arteries (red) and
veins (blue) generally run parallel, such as the aorta and vena cava (A). Superior
(B) and inferior (C) mesenteric arteries and veins supply and drain the colon and
proximal rectum, where the veins uniquely drain into the portal vein and liver,
rather than into the vena cava, influencing metastatic spread. 4 Superior rectal
vessels (A) supply the upper and middle rectum; these vessels and their lym-
phatic drainage are removed during TME. Inferior (and an occasional middle)
rectal vessels (B) supply the lower rectum. Obturator vessels (C) have limited
importance for rectal blood supply but represent a pathway for metastasis via
collateral vessels from the rectum. The inferior rectal and obturator vessels are
(sub-)branches from internal iliac vessels (D). These vessels (4B-D) and associ-
ated lymphatics are preserved in standard TME. Their venous drainage into the
vena cava, not the portal system, alters metastatic patterns in low rectal cancer
(with a higher propensity for lung metastases). 5 All colorectal lymphatic drain-
age, even from the superior and inferior mesenteric regions, ultimately enters the
thoracic duct, bypassing the liver.
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Abdominal wall

Knowledge of the anterior abdominal wall is crucial for understanding stomas
and parastomal hernias. It can be divided into several distinct layers, ranging
from superficial to deep (Figure 2):

L.

Skin (epidermis and dermis) The skin overlying the abdominal wall
is flexible and relatively thin. Beneath it lies a variable amount of sub-
cutaneous fat.

Subcutaneous Tissue This layer consists of superficial fatty tissue
(Camper’s fascia) and a deeper, more fibrous layer (Scarpa’s fascia).
The relative prominence of these layers depends on the individual’s
body habitus, which is a key consideration in stoma placement.

Abdominal Wall Muscles External oblique muscle, internal oblique
muscle and transversus abdominis muscle. These three muscles form
the lateral abdominal wall and work in coordination to stabilize the
trunk and generate intra-abdominal pressure. Their arrangement con-
tributes to the strength of the abdominal wall, and surgical incisions
through these layers require careful planning to minimize postopera-
tive complications.

Rectus abdominis muscle Running vertically along the midline of the
abdomen, this paired muscle is encased in the rectus sheath, which is
formed by the aponeuroses of the lateral abdominal muscles. The rectus
abdominis muscle (RAM) is segmented by horizontal tendinous inter-
sections. It is often utilized as a pathway for stoma placement.

Transversalis fascia Deep to the muscle layers lies the transversalis
fascia, a thin but critical structure that contributes to the abdominal
wall's structural integrity.

Preperitoneal fat and peritoneum Beneath the transversalis fascia
lies a layer of extraperitoneal fat, followed by the peritoneum - a se-
rous membrane lining the abdominal cavity. This layer plays a sec-
ondary role in hernia prevention but is an important consideration in
abdominal wall surgery.
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Figure 2

Abdominal wall structures — transverse section at the level of the umbilicus

1 Skin 2 Subcutaneous tissue 3 Abdominal wall muscles A External oblique
muscle B Internal oblique muscle C Transversus abdominis muscle 4 A Rectus
abdominis muscle surrounded by B Rectus sheath (dark red lines) formed from the
lateral muscles (3). 5 The transverse fascia is positioned between the rectus sheath
and 6 Peritoneum. The typical site of a stoma (*) is through the rectus abdominis
muscle. If the stoma is created with a prophylactic mesh (to prevent parastomal
hernia formation) the most common site is the so-called sublay (yellow), between
the rectus abdominis muscle and the posterior part of the rectus sheath.

An anterior view (Figure 3) provides an additional perspective on the appear-
ance of the RAM and the surrounding abdominal wall. The typical location of
a stoma within the RAM is illustrated. Stoma placement is often planned pre-
operatively, with the site marked on the skin. In patients with a "normal” or
greater amount of subcutaneous fat, it is not possible to precisely locate the
edges of the muscle bellies, which are also somewhat irregular and asymmet-
rical in their superior and inferior regions. Consequently, the stoma is rarely
centered within the muscle belly, unlike what is shown in the illustration.
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Figure 3
An anterior view illustration depicts the four muscle bellies

of the left (1) and right (2) RAM. Note the pronounced asymmetry and irregularity
these muscles often exhibit in actual patients. 3 illustrates the composite contour of
the transversus abdominis, internal oblique, and external oblique muscles. 4 indicates
a typical placement of a stoma, passing through the left RAM. 5A and 5B show the
lower border of the sternum and the xiphoid process, where the RAM attaches to its
medial superior boundary. 6 marks the pubic symphysis, the inferior medial boundary
of the RAM. 7 represents the umbilicus. The blue dashed line represents the anatom-
ical midline, defined as a straight line between the superior and inferior attachments
of the RAM. The connective tissue between 1 and 2, the linea alba, is not explicitly
drawn, but its hypothesized midline, precisely between the medial contours of 1 and
2, is illustrated by an orange line, which may deviate to either side of the blue mid-
line. RAM, rectus abdominis muscle.
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Stoma types and placement on the abdominal wall

Stoma placement on the abdominal wall is determined by the bowel segment
requiring diversion, the patient’s anatomy and body habitus, and the underly-
ing indication for surgery. In clinical practice, the two most common config-
urations are ileostomy and colostomy, which differ in typical location and in
whether they are constructed as loop or end stomas. [leostomies are most often
positioned on the right side of the abdomen, frequently brought through the
rectus sheath. They may be fashioned as loop ileostomies, commonly used as
a temporary diversion, or as end ileostomies, which are usually permanent and
may be created after total colectomy.

Colostomies are typically placed on the left side of the abdomen when the
stoma is constructed from the sigmoid, descending or transverse colon. End
colostomies are often created in conjunction with procedures such as Hart-
mann’s operation, whereas loop colostomies are more commonly used as a
temporary measure, for example to divert the fecal stream and protect a distal
anastomosis.

Several considerations guide optimal site selection. Routing the stoma
through the rectus abdominis muscle has been suggested to reduce the risk of
parastomal hernia formation and stoma retraction. Preoperative marking, ide-
ally performed in collaboration with the patient and stoma therapist when
available, aims to identify a site that avoids skin folds, scars, and bony prom-
inences that could compromise function or appliance fitting. The patient’s ab-
dominal contour should be assessed in different positions such as sitting and
standing, since changes in body habitus and mobility can influence appliance
adherence, comfort, and long-term stoma management.

Diagnosis and staging

The primary method for diagnosing colorectal cancer is endoscopy, typically
a colonoscopy, with biopsy sampling for histopathological analysis. Adeno-
carcinoma accounts for the large majority of colorectal cancers; less common
malignant tumors include neuroendocrine neoplasms, lymphomas, squamous
cell carcinomas of the anal canal extending into the rectum, melanomas, and
metastases from other primary tumors. In addition to confirming the diagno-
sis, radiological imaging is essential to assess the local extent and metastatic
spread of the disease. For colon cancer, computed tomography (CT) is the
primary imaging modality used to evaluate both local and distant disease. In
rectal cancer, magnetic resonance imaging (MRI) is the main modality for as-
sessing the local tumor extent, while CT is used to examine potential distant
metastatic disease.

The staging of colorectal cancer is primarily determined using the TNM
classification system, which provides a standardized framework for assessing
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tumor extent. TNM stands for Tumor (T), Nodes (N), and Metastases (M).
The "T" category describes the extent of the primary tumor's invasion into the
bowel wall and surrounding tissues. The "N" category evaluates the presence
and number of regional lymph node metastases. Lastly, the "M" category in-
dicates whether distant metastases are present. This system allows for the
stratification of disease into stages I to IV, with higher stages reflecting more
advanced disease. Accurate staging using the TNM system is critical for guid-
ing treatment decisions and estimating prognosis [3]. However, as discussed
later, several clinically important factors not captured by TNM can be equally
influential in guiding treatment decisions and estimating prognosis.

Staging can be performed at multiple time points during the management
of rectal cancer. At diagnosis, clinical staging is carried out, which in practice
is primarily based on imaging and guides decisions regarding neoadjuvant
treatment. If neoadjuvant therapy is given, restaging may be performed to as-
sess resectability, surgical planning and potential for organ-saving treatment.
During surgery, the resected specimen—including tumor, bowel, and sur-
rounding tissue—is sent for pathological examination. Using histopathology,
a postoperative pathological (pTN) stage is determined, providing important
information for consideration of adjuvant oncological treatment.

Imaging modalities in colorectal cancer

Magnetic Resonance Imaging

MRI is a non-invasive imaging technique that does not use ionizing radiation,
which makes it suitable for repeated imaging examinations. MRI was first in-
vented in the early 1970s, and its clinical applications expanded significantly in
the following decades [4, 5, 6, 7]. It began to be widely used for rectal cancer
staging in the late 1990s and has since become the gold standard for pretreat-
ment evaluation of T and N classification in rectal cancer [8, 9, 10, 11, 12, 13].

Modern MRI scanners typically operate with field strengths of 1.5 Tesla
(T) or 3 T. For rectal cancer, specific protocols are recommended, including
T2-weighted images in multiple planes and diffusion-weighted imaging
(DWI), which may serve as an “eye-catcher” for areas of high cellularity, such
as tumor tissue or lymph nodes.

The technical quality of the MRI system and its parameters significantly
influence image quality. Additionally, patient preparation and proper execu-
tion of the examination are crucial to avoid artifacts, such as those caused by
patient movement, ensuring accurate diagnostic results.

The reason MRI is used in rectal cancer is its superior tissue contrast reso-
lution; it is significantly easier to differentiate between the bowel wall, tumor,
and surrounding fat with MRI compared to other modalities such as CT.
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Computed Tomography

For colon cancer, CT is a widely used imaging modality that was first invented
in the early 1970s [14, 15]. It provides cross-sectional images of the body in
multiple planes, offering detailed anatomical visualization. CT uses ionizing
radiation, which can pose potential risks to the body with repeated exposure.
The technology advanced significantly over the past decades, improving spa-
tial resolution and speed. Modern scanners now produce thin slices, approxi-
mately 0.5 mm thick, and can image the entire body in just a few seconds.

Intravenous iodine contrast is often used in CT scans to enhance the visu-
alization of certain pathologies. In colorectal cancer, for example, liver metas-
tases become much clearer with contrast-enhanced CT. CT is considered a
workhorse in oncological radiology and is commonly employed for thoracic
and abdominal staging of all colorectal cancer. In colon cancer, T, N, and M
categories are evaluated with CT, while in rectal cancer, it is primarily used
to assess M, as T and N categories are more accurately determined using MRI.
Additionally, CT is utilized postoperatively to detect acute complications and
during annual follow-up to identify tumor recurrence. Parastomal hernias and
other complications can also be effectively visualized using CT.

Standard abdominal CT has limited sensitivity for detecting polyps and
small tumors. CT colonography is a specialized technique in which the colon
is insufflated with air and scanned twice, in supine and prone positions, to
provide clear contrast between the bowel wall and intraluminal air. The supine
scan is usually performed with intravenous contrast, allowing simultaneous
assessment of N- and M-staging, similar to a standard abdominal CT.

The main indications for CT colonography are detection of tumors and
polyps as an alternative to colonoscopy, and as a complementary examination
when a stenosing tumor prevents complete endoscopic evaluation of the colon,
as CT colonography only requires passage of air beyond the stricture.

The advantages of CT over MRI include its high spatial resolution and
rapid imaging capability, enabling large areas of the body to be assessed
quickly with high reproducibility.

Histopathology in colorectal cancer

Histopathological examination plays a central role at multiple stages in the
management of rectal cancer.

At initial diagnosis, biopsies are taken during endoscopy when cancer is
suspected, primarily to confirm adenocarcinoma or to identify alternative ma-
lignancies such as anal cancer or lymphoma, which may require different di-
agnostic pathways and treatments. In addition to establishing the diagnosis,
specific analyses such as microsatellite instability (MSI) and mismatch repair
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(MMR) testing can be performed, which may influence oncological manage-
ment, including the addition of immunotherapy.

Polyps without endoscopic suspicion of cancer are also routinely sent for
histopathological evaluation, with the aim of detecting incidental cancer and,
if present, assessing whether it has been completely excised.

Following surgical resection, the entire specimen—including tumor,
bowel, and surrounding tissue—is examined histopathologically. This evalu-
ation includes assessment of T and N categories, TDs, and vascular or peri-
neural invasion. The resulting pathological report serves as the basis for deci-
sions regarding adjuvant therapy.

The pathological assessment of the surgical specimen is often considered
the gold standard against which MRI findings are compared. However, two
important factors should be considered when interpreting this relationship and
when designing studies.

First, the time interval between MRI and surgery allows for tumor progres-
sion or, in cases where neoadjuvant therapy has been administered, tumor re-
gression and fibrosis of both the primary tumor and surrounding tissues, in-
cluding lymph nodes.

Second, there 1is considerable interobserver variability between
pathologists in distinguishing between lymph node metastases, TDs, extramu-
ral vascular invasion (EMVI), and perineural invasion. This variability arises
partly from evolving definitions across different editions of the TNM classifi-
cation and remains relevant even within the current TNM 8 system [16].

Biopsy of liver or other metastases is not routinely performed when imag-
ing findings are typical. However, it can be valuable in certain scenarios, such
as when a patient has more than one primary tumor and it is necessary to de-
termine the origin of the metastasis, or when a biopsy of the primary tumor is
not feasible—both to confirm the diagnosis and to enable additional tissue
analyses.

Treatment options

The primary treatment for colorectal cancer is surgical resection, which aims
to remove the tumor completely. In rectal cancer, a major advance was the
introduction of total mesorectal excision (TME) by Richard Heald in the
1980s [2, 17]. Prior to TME, local recurrence rates after rectal cancer surgery
exceeded 30% in many series, and pelvic recurrences were often devastating
for patients. TME—based on the principle of sharp dissection along embryo-
logic tissue planes to remove the rectum with its intact mesorectal envelope—
dramatically reduced local recurrence rates to below 10% in specialized cen-
ters and became the international standard of care by the late 1990s.

For rectal cancer, neoadjuvant treatment, which includes radiotherapy
alone or in combination with chemotherapy, is often employed prior to
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surgery. When used, this approach helps shrink the tumor, improving resecta-
bility, and reduces the risk of both local recurrence and distant metastases [18].
The combination of TME and neoadjuvant therapy is now a cornerstone in the
management of locally advanced rectal cancer, offering improved outcomes and
better long-term survival [19, 20]. Neoadjuvant therapy has largely replaced
postoperative adjuvant treatment in rectal cancer, highlighting the critical role
of preoperative imaging in enabling optimization of treatment strategies.

Recurrent disease

With the introduction of TME and neoadjuvant treatment, local recurrence of
rectal cancer is now relatively uncommon. However, despite the absence of
metastatic disease at the time of surgery, a significant proportion of patients—
approximately 20% in a Swedish cohort—develop distant metastases after
surgery [21].

Local recurrence in rectal cancer refers to tumor regrowth within the pelvis
following prior surgery with curative intent. All other recurrences are consid-
ered distant metastases. In rectal cancer, the most common sites of distant me-
tastases are the liver and lungs [22]. The predominance of liver and lung me-
tastases in rectal cancer reflects venous drainage patterns: portal venous drain-
age favors hepatic seeding, whereas systemic pelvic venous drainage favors
pulmonary dissemination (Figure 1). In both the liver and lungs, the vascular
architecture branches into dense capillary networks with small diameters, cre-
ating a physical barrier where circulating tumor cells become trapped and in-
itiate metastatic growth.

Risk factors for recurrent disease

For colon cancer, preoperative risk factors for recurrent disease include ad-
vanced TNM staging at the time of surgery, lymphovascular invasion [23],
and poorly differentiated histology [24].

In rectal cancer, risk factors for recurrence are more complex and multifac-
torial. Incomplete TME or positive circumferential resection margins signifi-
cantly increase the likelihood of local recurrence [25]. Identification of risk
factors, including TNM staging [26], is a critical determinant of recurrence.
In particular, involvement of mesorectal lymph nodes has traditionally been
associated with poor prognosis and a high risk of metastatic disease [25, 26].
This will be discussed separately. Tumor location within the lower rectum also
presents additional challenges in achieving adequate margins, both because
the distal rectum lies deep within the confined space of the pelvis—making
surgery technically demanding—and because distal clearance is limited unless
the entire anal canal is included in the resection. Elevated Carcinoembryonic
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Antigen (CEA) levels and poor tumor differentiation [26] are also important
prognostic factors for both local and distant recurrence.

There are several reasons why it is important to identify risk factors for
recurrent disease. Firstly, they provide prognostic information for both pa-
tients and clinicians. With highly predictive tools, better than those currently
available, follow-up protocols could theoretically be adjusted: high-risk pa-
tients might benefit from more frequent radiological monitoring, while low-
risk cases could potentially exit follow-up programs earlier. However, such
personalized follow-up strategies are not yet standard practice.

The most significant reason to identify risk factors today is their impact on
treatment decision-making. High-risk tumors influence the choice of oncolog-
ical treatments, such as chemotherapy and radiotherapy, which can reduce the
likelihood of recurrence. While these treatments are valuable, they come with
significant risks of side effects, such as nausea, fatigue, diarrhea, mucositis,
peripheral neuropathy and radiation-induced tissue damage, potentially delay-
ing surgical interventions. Administering oncological treatments to low-risk
tumors may therefore harm patients more than it benefits them.

Surgical strategies are also influenced by identified risk factors. For patients
at higher risk of incomplete tumor resection or local recurrence, the surgical
plan may be adjusted to include an extended resection beyond the standard mar-
gins. This highlights the importance of accurately identifying low- and high-risk
factors and features in patients during the pretreatment diagnostic process, as it
directly affects both oncological and surgical treatment pathways.

Prognostic imaging biomarkers in rectal cancer

Rectal cancer has been categorized by severity into prognostic groups descrip-
tively referred to as "good," "bad," and "ugly," [27] or more neutrally as low,
intermediate, and high risk. Different countries use slightly varying classifi-
cations for these groups and sometimes apply different treatments to them.
The treatment protocols in Sweden, as outlined in the national guidelines [28],
will be described in more detail later in this text. Generally, low-risk patients
often undergo primary surgery without oncological treatment, intermediate-
risk patients receive neoadjuvant radiotherapy, and high-risk patients are
treated with both radiotherapy and chemotherapy.

In the following sections, the risk factors used in treatment guidelines and
studies will be described. Studies that provided evidence for these risk factors
will be discussed, followed by an exploration of an additional potential risk
factor—TDs—which is not yet widely included in clinical guidelines.

Radiological assessment plays a critical role in defining risk factors for rec-
tal cancer treatment and prognosis. These factors include T and N classifica-
tion, mesorectal fascia (MRF) involvement, and EMVI.
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T classification: The T category describes the extent of tumor penetration
into the bowel wall and beyond. T1 tumors are confined to the submucosa,
while T2 tumors invade the muscularis propria. T3 tumors extend into the
perirectal fat, with T3b indicating 1-5 mm extension and T3c >5 mm. T4a
refers to invasion into the visceral peritoneum, and T4b indicates invasion into
adjacent organs. Differentiating between T1 and T2 can be challenging on
MRI, but depending on other risk factors including tumor location this is often
not clinically significant in current Swedish guidelines [28]. However, T1 tu-
mors might be eligible for minimally invasive removal via endoscopy requir-
ing expertise available in some centers. In Swedish treatment algorithms, the
5-mm threshold between T3b and T3c contributes to the distinction between
low- and intermediate-risk disease, together with tumor location and other risk
factors.

N classification: Nodal involvement at imaging is determined by the num-
ber of local lymph nodes with suspicious appearances. NO indicates no nodal
involvement, N1 involves 1-3 lymph nodes, and N2 includes 4 or more. While
some guidelines correlate NO, N1, and N2 with low, intermediate, and high
risk, Swedish guidelines primarily distinguish between N1 and N2 when de-
termining the need for neoadjuvant therapy. A notable exception is local
lymph nodes in the lateral pelvic compartments, where even a single suspi-
cious node alters management. MRI has limitations in accurately assessing N
category, with a tendency to both underestimate and overestimate the extent
of nodal involvement [29].

In rectal cancer, regional lymph nodes include those located within the
mesorectum, and, for upper rectal tumors, nodes in the mesosigmoid, corre-
sponding to the tumor’s primary lymphatic drainage territory. Additionally,
lateral pelvic lymph nodes—specifically in the internal iliac and obturator re-
gions—are also considered regional.

All of these nodal groups are included when determining the N category
according to the TNM system. However, in radiological assessment and mul-
tidisciplinary reporting, lateral nodes are evaluated separately. This distinction
is clinically relevant, as lateral lymph nodes are not routinely removed during
standard TME. Suspicion of lateral nodal involvement may therefore affect
both radiotherapy—in terms of whether it is given and how it is targeted—as
well as surgical planning, potentially requiring lateral lymph node dissection.

MREF is a critical margin in rectal cancer surgery. Tumors, TDs and lymph
nodes with extranodal extension located within 1 mm of the MRF are classi-
fied as MRF-positive (MRF+), which is associated with an increased risk of
incomplete resection and recurrence [30]. However, tumors classified as T1
or T2 are not considered MRF-positive even if the distance is <1 mm, as the
tumor has not penetrated the bowel wall. The only exception is low tumors at
the level of or below the intersphincteric space, where a potential full-thick-
ness T2 tumor may be regarded as having prognostic significance similar to
MRF-positive disease, because the surgical margin is threatened when
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performing TME with a low anterior resection or intersphincteric abdominop-
erineal excision.

EMVI is defined as the presence of tumor cells within blood vessels be-
yond the muscularis propria. Radiologically, EMVI appears as irregular or ex-
panded vessel contours or nodular filling defects on MRI. EM VI is associated
with an increased risk of distant metastases and poor prognosis, making it an
important risk factor to consider in treatment planning.

Total Neoadjuvant Therapy

The RAPIDO (Rectal cancer And Preoperative Induction therapy followed by
Dedicated Operation) trial was a key randomized trial that contributed to the
adoption of TNT for selected patients with MRI-defined high-risk rectal can-
cer and reinforced the role of MRI in selecting patients for intensified neoad-
juvant treatment [18, 31]. The inclusion criteria for the study were based on
MRI-defined prognostic risk factors, including T4 tumors, N2 lymph node in-
volvement, MRF+, EMVI+, and lateral lymph node metastases. These criteria
highlight the evidence-based nature of these factors in determining treatment
strategies.

The treatment regimen in the interventional arm of the RAPIDO trial con-
sisted of short-course radiotherapy (5 x 5 Gy) followed by six cycles of com-
bination chemotherapy (Capecitabine-Oxaliplatin or Fluorouracil-Oxali-
platin) prior to surgery. This approach, known as TNT, aimed to reduce both
local recurrence and the risk of distant metastases. The results demonstrated a
significant reduction in the risk of disease progression and metastasis com-
pared to standard preoperative chemoradiotherapy, establishing TNT as an
important treatment option for MRI-defined high-risk rectal cancer.

The intensive RAPIDO regimen is associated with significant adverse ef-
fects in a substantial proportion of patients. A Swedish study, LARCT-US
(Locally Advanced Rectal Cancer Trial Uppsala Style), employing a similar
treatment approach and inclusion criteria as RAPIDO but with four cycles of
chemotherapy, demonstrated comparable oncological outcomes [32], and the
shorter chemotherapy course would be expected to reduce cumulative toxicity
due to lower cumulative drug exposure.

Validity and reliability in diagnostic tests

When discussing diagnostic tests, two important terms are often used: validity
and reliability. Validity refers to whether the test measures what it is intended
to measure, meaning it accurately assesses the relevant characteristic or con-
dition. Reliability, on the other hand, describes the consistency or precision of
the test. A test with high reliability produces reproducible results, even if it
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may not measure something meaningful. For diagnostic imaging and other
tests, achieving both validity and reliability is essential to ensure that results
are not only consistent but also clinically relevant.

These terms are essential for all the works presented in this thesis, as they
underpin the methodologies and interpretations of diagnostic imaging and risk
factor assessments discussed herein.

Validity and reliability of N classification as a
risk factor

Studies such as RAPIDO identified imaging-based risk factors that influence
the likelihood of distant metastases and mortality, yet N classification alone
has not consistently been shown to be an independent risk factor. Instead, it is
often combined with other factors. This raises the question: why is N category
assumed to be a risk factor for distant metastases?

Most tumor staging systems, including TNM, assume a progression where
tumors initially grow locally (T category), and as they advance, they spread to
lymph nodes (N category) before disseminating to distant organs (M cate-
gory). This reflects an implicit assumption that lymph node involvement is a
prerequisite for distant metastases.

However, this principle has been questioned in colorectal cancer. Anatom-
ically, the liver is the most common site of distant metastasis, consistent with
the fact that venous drainage from the colon and most of the rectum flows to
the liver via the portal circulation. In contrast, lymphatic drainage from the
colon and rectum typically proceeds from the bowel wall to regional lymph
nodes and then centrally via larger lymphatic vessels to the thoracic duct,
which empties into the venous circulation near the left subclavian vein and
ultimately reaches the lungs without first passing through the liver. If lym-
phatic spread were the dominant route, pulmonary metastases might therefore
be expected to predominate; nevertheless, liver metastases are more frequent.
Taken together, this anatomical discrepancy supports the view that hematog-
enous dissemination may be a more important pathway than lymphatic spread
in colorectal cancer.

Genetic studies have further challenged the traditional pathway of metas-
tasis. Comparisons of mutations in primary tumors, lymph node metastases,
and liver metastases reveal that liver metastases often share a closer genetic
profile with the primary tumor than with lymph node metastases. This also
suggests that liver metastases may arise independently of lymph node involve-
ment, undermining the assumption that N is a necessary intermediary category
when evaluating tumor progression [33, 34].

Understanding these nuances is crucial for refining prognostic models and
tailoring treatment strategies for rectal cancer patients.
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The European Society of Gastrointestinal and Abdominal Radiology
(ESGAR) expert consensus panel published agreement on criteria for as-
sessing mesorectal lymph nodes on MRI. These criteria include nodal size and
the morphological features irregular border, heterogeneous signal intensity,
and a round shape. These radiological signs are used to infer the likelihood of
metastatic involvement in mesorectal lymph nodes. Lymph nodes smaller than
5 mm must fulfill all three morphological criteria to be considered suspicious
for metastasis, whereas nodes measuring 5—8 mm require at least two criteria
and nodes larger than 9 mm are considered suspicious based on size alone. As
a special case, mucinous lymph nodes—those with high mucin content—are
always considered suspicious for metastasis [35]. Another special case is that
of lateral lymph nodes. For some time, their assessment was mainly opera-
tionalized using a short-axis size criterion, with >7 mm commonly applied as
the threshold for suspicious obturator or internal iliac nodes. Recent ESGAR
recommendations retain this threshold, but broaden the assessment by acknowl-
edging malignant morphological features as supportive of malignancy in inter-
mediate-sized 5—7 mm lateral nodes [30]. Figure 4 provides examples of a LN
without metastasis and a lymph node deemed LN+ in preoperative MRI, along
with the matched histopathological findings in the resection specimen.

Studies assessing the accuracy of MRI in determining N category in rectal
cancer have shown variable results. A meta-analysis reported a pooled sensi-
tivity of 0.73 and a specificity of 0.74 [29]. These findings highlight the chal-
lenges of reliably diagnosing nodal involvement using MRI, even with estab-
lished criteria. Thus, even when adhering to optimal evaluation standards, di-
agnostic reliability remains suboptimal.

The limited reliability of MRI-based lymph node assessment is problematic
for clinical implementation, but it should be distinguished from the question
of validity. Even if nodal features could be assessed reproducibly, it remains
uncertain whether detailed MRI-based nodal grading provides clinically
meaningful prognostic information beyond established MRI risk factors such
as mrT stage, mrEMVI, mrMRF and other forms of mesorectal nodular dis-
ease. The key issue is therefore not only how reliably lymph nodes can be
graded, but also whether this grading identifies risk that is relevant for treat-
ment decisions.
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Figure 4

Correlation between histopathology and preoperative MRI in a mucinous LN
metastasis

(A) Top-center. Representative H&E stained section of a normal LN, delineated by
the dashed dark green line, showing a well-circumscribed architecture with dense
lymphoid tissue characterized by basophilic, dark-blue/purple nuclei. (B) LN with
metastasis (left). Histopathology (bottom) and corresponding schematic illustration
(top) demonstrate residual lymphoid tissue consistent with LN origin (orange = ;
dashed green outline), occupying only a small portion of the node. Metastatic tumor
is present as thin layers (purple [ in the schematic) with abundant extracellular
mucin (pale pink ) Non-colored areas in the schematic predominantly represent
fibrotic changes following neoadjuvant therapy. (C) Preoperative T2-weighted MRI
appearance of the same LN (right). Multiplanar images (bottom) with schematic an-
notations (top) show rectum (blue ) and a mesorectal LN (green ) within the
mesorectal fat. Heterogeneous signal corresponding to mucin is indicated (pale pink

). Based on heterogeneous signal intensity, a short-axis diameter of 7 mm, and
an irregular margin, the LN was classified as suspicious (LN+) on MRI. Due to the
substantially lower spatial resolution of MRI compared with microscopy, larger ar-
eas of mucin may be partially appreciated, but reliable separation of lymphoid tissue,
tumor and therapy-related fibrosis is not possible.
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Extramural venous invasion and tumor deposits

If tumors do not spread from the primary tumor via lymphatic vessels and
lymph nodes to the liver, how do they spread? The blood vessels originating
from the rectal wall, the veins, converge into larger vessels, the largest being
the superior rectal vein, which drains via the inferior mesenteric vein into the
portal vein that supplies the liver. This argues more strongly that liver metas-
tases are therefore predominantly spread via the venous system. Consistent
with this, tumor extension from the primary lesion into adjacent veins can oc-
casionally be observed—a phenomenon termed EMVI—which is an estab-
lished risk factor for metastasis [36].

Beyond direct venous invasion, tumor tissue may also be seen extending
into the perivisceral fat. In some cases, discrete islands of tumor cells are pre-
sent within the mesorectal fat without an obvious surrounding vascular wall
or lymphoid tissue and without continuity with the primary tumor; these are
termed TDs. The most likely or common pathway for tumor spread to these
deposits is believed to be via blood vessels—the same pathway responsible
for liver metastases. This could be interpreted as a continuation or a more ad-
vanced form of EMVI, where the tumor not only invades a vessel but also
releases tumor cells into the bloodstream, which then lodge and grow sepa-
rately from the primary tumor.

TDs could therefore potentially be an important risk factor to identify
reliably.

Current state of tumor deposits in TNM and treatment

The histopathological definition of TDs has changed across TNM editions,
which is important when interpreting older studies and when comparing pa-
thology with imaging. TNM 7 and TNM 8 are particularly relevant for this
thesis, as they were the classifications used during the period covered by the
included studies.

In TNM 7, TDs were defined as discrete nodules of cancer within the lymph
drainage area of the primary tumor without identifiable residual lymph node
tissue. These deposits could represent discontinuous tumor spread, venous in-
vasion, lymphatic invasion, or perineural invasion, provided that no residual
lymph node structure was identified.

In TNM 8, the definition was refined. A TD is defined as a discrete tumor
focus in the pericolic or perirectal fat, or in the adjacent mesentery, within the
lymph drainage area of the primary tumor, without identifiable residual lymph
node tissue, vascular structure, or neural structure. If remnants of a vessel wall
are identified, the lesion should instead be classified as vascular invasion,
most commonly venous invasion, rather than as a TD. Similarly, if a tumor
focus is present in or around a large nerve, it should be classified as perineural
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invasion rather than as a TD. The size and shape of the tumor focus are not
decisive for classification as a tumor deposit.

In the current TNM system (TNM version 8) for colorectal cancer, the N
category is classified as Nlc if the patient has TDs without lymph node me-
tastases, but it does not affect N at all if lymph node metastases are present
[3]. This creates an internal inconsistency in the current staging framework,
as a higher category in the TNM system should represent a more advanced
cancer. For example, with one TD and no lymph node metastasis, the N cate-
gory is Nlc, but if a lymph node metastasis is also present (one tumor deposit
and one lymph node metastasis), N decreases to N1a. This discrepancy arises
because TDs were introduced later in the TNM classification, and their appro-
priate placement within the system remains unclear. This also reflects the
broader challenge of maintaining the prognostic relevance of TNM staging as
new pathological and biological risk markers emerge [37].

In recommendations issued by an expert panel regarding the practical in-
terpretation of TNM staging for rectal cancer using MRI, it is advised that the
number of TDs and lymph nodes suspicious for metastasis should be counted
together when assessing the N category [35]. This aligns with the rationale
mentioned above, highlighting the logical inconsistency of considering TDs
only in patients without pathologic lymph nodes. However, this approach does
not reflect evidence suggesting that TDs may be associated with a worse prog-
nosis compared to metastatic lymph nodes. Therefore, TDs might arguably war-
rant greater weight or potentially be reported as a separate grading category.

In the Swedish guidelines, the threshold for oncological treatment is be-
tween N1 and N2, meaning TDs do not influence treatment decisions if the
TNM classification is applied strictly. If the latter recommendation is followed
and TDs and lymph nodes are counted together, then in the absence of meta-
static lymph nodes, at least four TDs are required to reach N2. Given the cur-
rent state of knowledge, which remains uncertain both regarding the relative
risk posed by TDs compared to T and N categories and the ability to reliably
assess this radiologically, it is reasonable to exercise caution in altering exist-
ing treatment guidelines. However, some studies on TDs have shown that they
may be significantly stronger prognostic indicators than lymph node metasta-
ses, both when assessed by radiological imaging [38] and by histopathological
evaluation [39], and a systematic review and meta-analysis has supported the
adverse prognostic relevance of TDs in colorectal cancer [40]. This under-
scores the importance of further studies to confirm these findings.

Tumor deposits on MRI

Focal changes observed on MRI within the mesorectal fat need to be inter-
preted for staging and risk assessment, with particular attention to distinguish-
ing malignant nodal disease and TD-like lesions from benign or non-specific
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findings. This distinction is often challenging, as small mesorectal nodules
may represent metastatic lymph nodes, TDs, or benign structures.

For TDs, there are no universally established criteria. For instance, Lord
and colleagues proposed that MRI-detected TDs should be identified based on
their lack of a surrounding nodal capsule, irregular morphology, discontinuity
with the primary tumor and a contour that tapers into adjacent veins [38].

Unfortunately, these criteria partially overlap with ESGAR's criteria for
lymph node metastases, particularly the presence of an irregular contour. It
remains unclear how well TDs can be distinguished from other nodular
mesorectal structures, raising concerns about the reliability of TDs as a fea-
ture. The validity of differentiating TDs from LNs is also uncertain. While
there is a theoretically plausible suspicion that TDs represent a significant risk
factor for metastasis, it is possible that smaller TDs, which may only be a few
millimeters in size and visible under microscopy, pose limited risk. Size pos-
sibly plays an important role, even though current criteria, such as those for
EMVI, do not account for size or volume.

A partly overlapping imaging concept is extranodal extension (ENE), in
which metastatic nodal disease is considered to extend beyond the expected
nodal capsule. Li et al. recently reported that ENE can be detected at pretreat-
ment MRI and that MRI-detected ENE was associated with worse 3-year dis-
ease-free survival [41]. Importantly, this should not be interpreted as a simple
additional subdivision of lymph node metastases. In that study, the pathologic
ENE-positive category included both metastatic lymph nodes with extranodal
extension and TDs, and several MRI features used to infer ENE may overlap
with criteria used for TDs [41]. ENE on MRI may therefore be better under-
stood as a related, partly overlapping imaging construct for adverse mesorectal
nodular disease rather than as a category directly equivalent to either LN me-
tastasis or TD.

Figure 5 illustrates a finding that would be regarded as a typical TD, with
expected high inter-reader agreement and clear fulfillment of the criteria pro-
posed by Lord and colleagues. The lesion closely follows a vessel (the supe-
rior rectal vein) and has an elongated, irregular configuration, which is atypi-
cal for a lymph node. Figure 4, in contrast, shows a finding for which there is
likely broad agreement that it represents a lymph node and is suspicious for
metastasis. However, many mesorectal nodular structures fall between these
textbook examples, where differentiation on MRI is less straightforward—
particularly when contour irregularity is subtle or when small size limits as-
sessment of margins, signal heterogeneity, and the relationship to adjacent
vessels.
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Figure 5

Tumor deposits — correlation between MRI and histopathology

Clockwise from the upper left corner (each panel includes a corresponding schematic
illustration): (A) Sagittal and (B) axial T2-weighted MR image with color overlays:
rectum (blue ll), tumor (light green = ), and TD (yellow ). (C) Gross specimen
followed by representative histopathological images. (D) Magnified view including
both tumor and TD. (E) Zoomed-in view of the TD. In the sagittal schematic drawing,
the white dashed line indicates the level of the axial images, positioned at the bowel—
tumor interface, which explains why the T2-weighted MR images and gross specimen
depict bowel at this location whereas the corresponding histopathology shows tumor
in the same region.

34



Surgical procedures

For colon cancer, the primary surgical approach is segmental colectomy with
lymph node dissection. This involves removing the section of the colon con-
taining the tumor along with adjacent mesentery to ensure adequate resec-
tion margins and lymphadenectomy. Depending on the tumor's location,
right hemicolectomy, left hemicolectomy, or sigmoid resection is typically
performed.

In rectal cancer, surgical management is more complex due to the anatom-
ical constraints of the pelvis and the requirement for mesorectal excision.
TME is the standard procedure for mid and lower rectal tumors. The operation
involves sharp dissection under direct vision along the areolar plane between
the mesorectal fascia (the fascial envelope surrounding the mesorectum) and
the presacral/pelvic sidewall fascia. This dissection plane, termed the "holy
plane" by Heald, is relatively avascular when entered correctly and permits
removal of the rectum with its intact mesorectal envelope—containing all re-
gional lymph nodes, blood vessels, and potential routes of local tumor
spread—while preserving pelvic autonomic nerves. The dissection proceeds
circumferentially from the sacral promontory down to the pelvic floor (levator
ani), where the rectum is transected below the tumor with an adequate distal
margin. The quality of the mesorectal specimen—graded as complete, nearly
complete, or incomplete—is a critical quality indicator and correlates strongly
with local recurrence risk [42].

For upper rectal tumors located above the peritoneal reflection, a partial
TME may be sufficient, with mesorectal division 5 cm distal to the tumor. For
mid and lower rectal tumors, complete TME to the levator ani is required.
When tumors involve the distal rectum and sphincter preservation is not on-
cologically feasible or functionally appropriate, an abdominoperineal exci-
sion (APE) can be performed, involving en bloc removal of the rectum, anal
canal, and surrounding soft tissues through combined abdominal and peri-
neal approaches.

Following rectal resection, intestinal continuity is often restored by creat-
ing a colorectal or coloanal anastomosis. However, the risk of anastomotic
complications—particularly anastomotic leakage—increases substantially
with more distal anastomoses. Ultra-low anastomoses (within 5 cm of the anal
verge) carry leak rates of approximately 5-20% in most series [43]. Conse-
quently, a temporary diverting ileostomy is frequently created to protect the
anastomosis, allowing fecal diversion during the healing period. In patients at
particularly high risk for leak (very low anastomosis, compromised tissue
quality after radiotherapy, technical concerns), or when functional outcomes
are expected to be poor despite sphincter preservation, a permanent end co-
lostomy may be planned from the outset rather than attempting a high-risk
anastomosis.
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Stoma

A stoma is a surgically created opening that diverts intestinal contents to the
exterior of the body, bypassing the normal route through the anus. It is typi-
cally created on the abdominal wall and connects to a segment of the bowel,
either the colon (colostomy) or the ileum (ileostomy). Anatomically, the
bowel segment is brought through a small incision in the abdominal muscles,
where it is sutured to the skin to form the stoma. This allows fecal matter to
exit the body into an external appliance or stoma bag.

There are two main surgical techniques for bringing the bowel through the
abdominal wall: the transabdominal approach and the retromuscular (or
transrectus) approach. In the transabdominal approach, the bowel is brought
directly through the RAM and its sheath, which is divided along the same track
as the abdominal incision. This is the most traditional method and is techni-
cally straightforward. In the retromuscular approach, the posterior rectus
sheath is opened, and the bowel is tunneled laterally within the RAM before
exiting through a separate opening in the anterior rectus sheath.

Several observational studies and at least one meta-analysis suggested that
the retromuscular approach is associated with a lower incidence of parastomal
hernia compared to the standard transabdominal technique, although random-
ized controlled data are limited and results vary between studies [44, 45].
However, the transabdominal approach remains the more established tech-
nique in routine practice and was the approach evaluated in Papers III and IV.
The following sections therefore focus on transabdominal stoma construction
and mesh-related factors within that context.

Surgically, a stoma can be created as either a loop stoma or an end stoma.
A loop stoma involves bringing a loop of bowel to the surface, creating two
openings, and is often used temporarily to divert stool and protect distal anas-
tomoses. In contrast, an end stoma is created by transecting the bowel and
bringing the proximal end to the abdominal wall, often as a permanent solution
when bowel continuity cannot be restored.

Stoma complications

Stoma complications are common and can significantly impact patients' qual-
ity of life [46]. The most frequently encountered complications include skin
irritation, stoma retraction, prolapse, stenosis, and parastomal hernia. These
issues often require ongoing management and, in some cases, surgical inter-
vention [47].

Parastomal hernia

Parastomal hernia is one of the most common stoma-related complications
and may impair quality of life, cause symptoms, and occasionally require
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surgical repair [46, 47, 48]. It occurs when abdominal contents, such as bowel
loops or fat, protrude through the abdominal wall defect surrounding the
stoma. Parastomal hernias can cause a variety of problems, including discom-
fort, skin complications, difficulties with stoma appliance fitting, and, in se-
vere cases, bowel obstruction or strangulation.

Surgical repair of parastomal hernias can be attempted; however, recur-
rence rates are high, and the hernia often reappears after surgery [49]. As a
result, efforts have been made to prevent the occurrence of parastomal hernias.
These strategies include identifying and addressing modifiable risk factors.
Additionally, randomized clinical trials have investigated the use of prophy-
lactic mesh placement at the time of stoma creation to reinforce the abdominal
wall and reduce the incidence of parastomal hernias. Various types of mesh
and surgical techniques have been explored, but research is ongoing to deter-
mine the optimal approach.

Definition and diagnosis of parastomal hernia

An abdominal hernia is generally defined as a protrusion of intra-abdominal
contents through a defect or weakened area in the abdominal wall. Parastomal
hernias present unique challenges in both definition and diagnosis. Clinically,
a parastomal hernia is diagnosed when bulging is observed around the stoma
site, often accompanied by symptoms such as discomfort, problems with ap-
pliance fitting, or bowel dysfunction.

In the case of parastomal hernias, defining the condition is more complex.
A stoma, by nature, involves the intentional passage of intra-abdominal struc-
tures through the abdominal wall. This raises the question of how much bowel
can be drawn through and folded at the stoma site before it is considered ab-
normal. A bulging area around the stoma may be interpreted as a hernia clin-
ically, particularly if it causes symptoms, but this can overlap with what might
be regarded as expected anatomy, such as a prolapse where bowel loops shift
into the stoma site.

Diagnostic imaging, particularly CT, provides a more detailed view of the
anatomy and allows clinicians to determine what the bulge consists of [50].
However, challenges remain in interpreting these findings. While the presence
of intra-abdominal contents adjacent to the stoma can be revealed on CT, it is
not always clear whether this constitutes a hernia or represents expected ana-
tomical changes (as noted above, including how far the bowel may be drawn
through the stoma). A strict radiological definition of a parastomal hernia
might require evidence of intra-abdominal contents protruding alongside the
bowel through the abdominal wall. However, this narrow definition may not
align with the clinical presentation of bulges or symptoms associated with sto-
mas. Specifically, one may argue that a stoma prolapse could produce similar
clinical symptoms (and could be termed a stomal hernia, as distinct from a
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parastomal hernia); however, this distinction is neither consistently made nor
clearly defined in the studies cited in this thesis.

One commonly used definition of a parastomal hernia is the presence of
either intra-abdominal contents protruding through the abdominal wall defect
or the formation of a hernia sac. Unfortunately, this definition can be circular,
as a hernia sac is itself defined as a structure containing herniated contents,
making it difficult to apply consistently in clinical practice. CT-based classi-
fication systems have been proposed to standardize radiological assessment
[51], but they do not fully resolve the underlying definitional challenges.
These challenges become evident when examining studies on parastomal her-
nias, including retrospective studies that aim to identify risk factors and ran-
domized trials testing various types of prophylactic meshes.

The most accurate method for assessing parastomal hernia using CT is to
position the patient in the prone position with a doughnut-shaped ring placed
around the stoma, followed by performing a Valsalva maneuver to better re-
veal any hernia [52]. This technique helps identify parastomal hernias that
may not be apparent in routine CT examinations. However, this method is not
the standard practice for assessing tumors and metastases, where the patient is
typically scanned in the supine position without performing a Valsalva ma-
neuver. Therefore, an additional imaging series is required, which increases
both the radiation dose to the patient and the time needed for the examination.
This also implies that in retrospective studies where CT is used to determine
the presence of a parastomal hernia and correlate it with, for example, risk
factors, the method cannot be used.

A key question that is rarely addressed in studies on parastomal hernias,
whether retrospective risk factor analyses or interventional trials, is what con-
stitutes a reasonable primary endpoint. Diagnostic strategies for parastomal
hernia vary considerably between studies, including CT-based definitions,
clinical examination, and combined clinical-radiological approaches [53].
Some studies report clinical and radiological outcomes separately, whereas
others use imaging selectively to confirm clinically suspected hernias or use
clinical assessment when radiological assessment is unavailable [54, 55, 56,
57]. The difference between clinically and CT-diagnosed hernias is illustrated
by a study that included both as endpoints, finding a significantly higher inci-
dence of hernias when using CT but no significant difference between study
arms, whereas clinically assessed hernias were less frequent but showed a sig-
nificant difference between arms [54]. Ultimately, both assessments may be
considered surrogate endpoints, as a more clinically meaningful outcome for
patients is arguably symptomatic hernia.

Treatment of parastomal hernia

A common treatment for abdominal wall hernias in general is surgical repair
with the placement of a mesh to cover the hernia defect with an adequate
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margin. This approach has also been attempted for parastomal hernias but with
less success. It is understandable that parastomal hernias do not respond as
effectively to mesh repair because the presence of the stoma itself requires a
permanent opening through the abdominal wall for the bowel to pass, unlike
other abdominal wall hernias where the defect can be completely closed.

Symptomatic management is another option for parastomal hernias, as sur-
gical outcomes remain suboptimal. Conservative treatment focuses on allevi-
ating symptoms such as discomfort and improving the fit of stoma appliances.
Surgical intervention is often reserved for cases where symptoms become se-
vere or when complications such as obstruction or strangulation occur.

Preventing parastomal hernias — risk factors

Risk factors for parastomal hernias have primarily been identified through ret-
rospective studies using CT imaging [58]. However, as previously discussed,
challenges related to the definition and diagnosis of parastomal hernias com-
plicate these studies. Additionally, retrospective studies are inherently limited
by methodological issues, including selection bias, incomplete data, and the
inability to determine causality with certainty.

Despite these challenges, several common risk factors for parastomal her-
nias have been identified. These include advanced age, obesity [57, 59], poor
muscle quality, increased intra-abdominal pressure, and the size of the stoma
opening [58]. Other contributing factors may include technical aspects of
stoma creation, such as the location and method of constructing the stoma, as
well as patient-specific conditions, including chronic cough, constipation, or
ascites.

Unfortunately, many of these risk factors are not easily modified. Patient-
related factors such as age and muscle quality cannot be altered, and address-
ing obesity or chronic conditions can be challenging in patients with colorectal
cancer. Although some studies suggested that technical factors, such as the
technique and placement of the stoma, may influence the risk of parastomal
hernia, these findings have not been consistently replicated. Thus, the evi-
dence remains weak. One area of discussion has been whether stoma place-
ment within or lateral to the RAM influences hernia development. A Cochrane
review comparing lateral pararectal and transrectal stoma placement found in-
sufficient evidence to establish a clear difference in parastomal hernia risk
[60]. Thus, although lateral placement has been hypothesized to increase the
risk due to reduced muscle support, conclusive evidence supporting a signifi-
cant difference is lacking.

The size of the stoma opening was identified as a potential risk factor for
parastomal hernias in several studies. This is a factor that could theoretically
be influenced by the surgeon in the short term, for instance by creating a
smaller opening. The rationale behind this risk factor is that a larger opening
may allow more intra-abdominal contents to protrude through the abdominal
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wall, facilitating hernia formation. However, it is important to note that the
size of the opening is typically adapted to the bowel and its surrounding fat
(mesentery) to ensure an appropriate fit. An excessively tight opening could
also increase the risk of compression injuries to the bowel and mesentery at
the site of passage.

The retrospective studies that demonstrated this risk factor face significant
methodological challenges. These studies often relied on CT imaging, where
both the size of the stoma opening and the presence of a parastomal hernia
were assessed simultaneously. This introduced a risk of reverse causality: a
parastomal hernia and protruding intra-abdominal contents may gradually
stretch the stomal aperture, rather than a large aperture being the primary
cause of herniation. Consequently, cross-sectional CT studies assessing aper-
ture size and hernia status at the same time are difficult to interpret, and pro-
spective designs are needed to clarify temporality and causal mechanisms.

Changes in abdominal wall morphology after stoma creation have also been
investigated, including RAM atrophy and displacement of the abdominal wall
midline. Timmermans et al. reported atrophy of the rectus abdominis muscle
caudal to the stoma in some patients after colostomy formation, suggesting
that stoma creation may be associated with structural changes in the ab-
dominal wall beyond the fascial defect itself [61]. This is of particular rele-
vance for the present thesis, in which rectus abdominis muscle atrophy is fur-
ther explored as a potential morphological consequence of stoma construction
and as a possible factor related to parastomal hernia development. In parallel,
efforts to identify modifiable surgical factors have led to investigations of
prophylactic strategies, particularly mesh reinforcement at the time of stoma
creation.

Meshes

The use of prophylactic mesh to prevent parastomal hernias was first investi-
gated in a randomized controlled trial published in 2004, which demonstrated
a significant reduction in hernia incidence [62]. This early success generated
considerable interest and led to multiple subsequent trials. The initial positive
findings were also supported by longer follow-up from the same trial [63],
although later trials and meta-analyses have produced conflicting results.
However, the evidence base has proven inconsistent. Larger trials have
shown varying results: the PREVENT study replicated earlier positive find-
ings at short-term follow-up, but its five-year follow-up showed that the pro-
tective effect was not maintained [54, 64]. Other trials found no protective
effect [55, 57, 65]. Meta-analyses have reached different conclusions depend-
ing on which trials were included, the mesh types and placement techniques
analyzed, and the duration of follow-up [66, 67, 68]. A particular challenge
has been that long-term follow-up data suggest the protective effect may
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diminish over time, raising questions about whether mesh prevents hernia for-
mation or merely delays its onset.

Despite European guideline recommendations advocating the use of
prophylactic mesh [69, 70], adoption in clinical practice has been limited [71,
72]. The more recent EHS rapid guideline supports this approach but uses a
more stratified recommendation: conditional use in patients with an end co-
lostomy and fair life expectancy, and a strong recommendation in patients at
high risk of developing a parastomal hernia [70]. One reason for limited adop-
tion is the increased time required for mesh placement during surgery, which
can be a significant barrier in busy surgical practice. Furthermore, the hetero-
geneity of study results creates uncertainty about which patient populations,
surgical techniques, mesh types and clinical contexts are most likely to bene-
fit. Concerns about potential mesh-related complications, although not con-
sistently reported across trials, may also influence surgical decision-making.

Different types of meshes and placement techniques have been evaluated,
including synthetic and biologic meshes. Placement methods such as the sub-
lay technique, where the mesh is placed between the RAM and the posterior
rectus sheath, have shown promise in some studies, whereas other trials using
similar or related approaches have been negative. More recently, the CHIM-
NEY trial evaluated a specialized three-dimensional funnel-shaped intraperi-
toneal mesh placed around the bowel. The 12-month results showed lower
CT-confirmed and clinical parastomal hernia rates in the mesh group [73], and
the 3-year follow-up continued to show lower CT-confirmed and clinical her-
nia rates without increased complications [74]. However, this approach differs
from the retrorectus or sublay keyhole approaches evaluated in several ear-
lier trials and should therefore be regarded as a promising but technically
distinct mesh strategy rather than as direct confirmation of all prophylactic
mesh techniques.

The optimal mesh type, size, and placement technique remain subjects of
ongoing investigation. No single approach has emerged as a definitive stand-
ard, and the field continues to evolve as new materials and surgical techniques
are developed.
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Aim

The aim of this thesis was to expand knowledge in colorectal cancer by focus-
ing on two primary areas: Papers I and II investigated MRI-defined and histo-
pathological mesorectal nodular disease as markers of metastatic risk in rectal
cancer, with a specific emphasis on TDs, whereas Papers III and IV examined
factors influencing the development of parastomal hernias to identify potential
preventive measures. More specifically, the aims were:

I.  to investigate the correlation between MRI and pathology in diagnos-
ing TDs and differentiating them from lymph nodes.

II.  to evaluate whether MRI-defined mesorectal nodular structures, in-
cluding metastatic lymph nodes, nodules with extranodal extension
and vascular TD-like nodules, are associated with cancer-free survival
and overall survival in rectal cancer.

III.  to evaluate risk factors for parastomal hernia development, including
RAM atrophy, stomal position and the effect of a prophylactic mesh,
using a retrospective approach.

IV.  to investigate the effects of prophylactic mesh and RAM atrophy on
parastomal hernia formation using a retrospective approach, from data
in a prospective randomized multicenter trial.
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Patients and methods

Paper I

Patients

Patients undergoing surgery for colorectal cancer in Sweden are registered in
the Swedish Colorectal Cancer Registry (SCRCR). From this registry, patients
operated on at the Department of Surgery in Lund for rectal adenocarcinoma
were selected. The study’s aim was to evaluate the accuracy of TD detection
on MRI, using histopathological examination as the reference standard. To
ensure comparability, only patients who had not received neoadjuvant therapy
for their rectal cancer were included, as neoadjuvant treatment often reduces
or eliminates TDs and metastatic disease in lymph nodes between the MRI
examination and the pathological assessment of the surgical specimen.

Inclusion criteria for the TD group consisted of histopathologically con-
firmed TD. Exclusion criteria included neoadjuvant treatment, absence of pre-
operative MRI, and surgical interventions that did not involve rectal resection,
such as stenting or polypectomy.

The study followed a case-control design, where control patients without
TDs were identified and matched 1:1 based on identical T and N categories,
sex, and comparable age. Since TD corresponds to at least N1c in the TNM
classification, all patients in the control group also had at least N1 disease.
SCRCR was used to retrieve TNM stage, surgical technique, and neoadjuvant
treatment, allowing for the identification of both cases and controls.

Pathological review of tumor deposits

The pathology report provided detailed information on T and N classification,
EMVI and TDs. During the study period, the evaluation of rectal cancer spec-
imens and reporting to the SCRCR were initially conducted according to the
TNM 7 classification and later transitioned to the TNM 8 classification.

Radiological review of tumor deposits

There is yet no universally accepted imaging definition of TDs, which was
part of the aim of this study to investigate. Before image review began, a
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review protocol was established outlining all the structures to be assessed.
Each patient’s findings were mapped onto a paper template.

MRI examination quality was assessed as either acceptable or unacceptable.
Criteria for exclusion included in-plane resolution exceeding 1 x 1 mm, ex-
cessive motion artifacts (primarily an issue for tumors located near the rec-
tosigmoid junction), and cases where the protocol did not include T2-weighted
sequences in three planes.

TDs were defined as free nodular structures in the mesorectum lacking visible
lymph node architecture and exhibiting clearly irregular, spiculated outer con-
tours, with or without a comet sign, regardless of size.

Suspicious lymph nodes were assessed using the criteria from the Swedish
National Guidelines (NVP), which is a modified version of ESGAR’s criteria:

e Short axis diameter > 9 mm and 1 morphologically suspicious char-
acteristic (ESGAR does not require morphological criteria).

e  Short axis diameter 5-8 mm and > 2 morphologically suspicious char-
acteristics.

e Short axis diameter < 5 mm and 3 morphologically suspicious char-
acteristics.

e All mucinous lymph nodes (any size).

Where morphologically suspicious characteristics are:

¢ Round shape.
e Irregular border.
e Heterogeneous signal.

All examinations were individually and independently reviewed by three ra-
diologists, followed by a separate session where a consensus in assessment
was reached for major discrepancies. The radiologists were blinded to the his-
topathological assessment.

Correlation between radiology and pathology

The study consisted of two main parts. The first part, designed to address the
primary endpoint, was based on the histopathology and the radiological con-
sensus assessment as described above. For both radiology and histopathology,
findings were dichotomized according to the presence or absence of at least
one tumor deposit (TD+ or TD-) and at least one lymph node metastasis (LN+
or LN-). This approach enabled statistical analysis at the patient level, such as
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sensitivity and specificity calculations, with predefined hypotheses before the
statistical analyses were conducted.

The second part was also planned from the outset — a review of each indi-
vidual nodular lesion, in which the pathologist and all three radiologists as-
sessed both the radiological and histological images. This was designed as an
exploratory study, aimed at gaining further insight into which MRI features
might be indicative of TD or LN based on the histopathological findings. It
was conducted as a separate step following completion of the initial stage,
during which neither radiologists nor pathologists were blinded to each other’s
findings.

To retrospectively match histopathology and MRI findings, the main crite-
ria used were size, shape, proximity to the primary tumor, and relation to the
resection margin. For each lesion, we discussed whether it could reasonably
be considered the same structure on MRI and histopathology. Each such judg-
ment was documented, including whether the MRI assessment was deemed
correct or incorrect.

When classifying discrepancies, we applied a 5 mm size threshold. For in-
stance, histopathology-positive LNs missed on MRI were categorized into two
groups: >5 mm and <5 mm. This threshold was chosen because MRI has
markedly limited sensitivity and specificity for very small nodular lesions
(e.g., the slice thickness in various orientations was 3—5 mm). It was therefore
considered important to document whether missed or misclassified lesions
were small or large, and also to understand the actual size of the structures
evaluated histopathologically (as measurements of TDs and LN+ are typically
not reported in histopathology summaries and are not recorded in the SCRCR
registry). The 5 mm threshold was selected based on established imaging cri-
teria for lymph node metastasis classification, where <5 mm requires three
morphological malignancy criteria — a combination that is rarely fulfilled in
such small nodules.

When a lesion identified at histopathology could not be reliably correlated
with a specific lesion on MRI, the discrepancy was classified whenever possi-
ble. For example, if no TD or LN+ had been reported on MRI but histopathology
revealed a TD, the finding was classified as a missed TD on MRI and further
categorized by size as <5 mm or >5 mm. This allowed discrepant findings to be
categorized even when one-to-one lesion matching was not possible.

Paper 11

Patients

Patients with primary stage [-I1I rectal adenocarcinoma who underwent resec-
tional surgery with mesorectal excision in Region Vistmanland (Vastmanland
County) between January 2013 and December 2020 were identified from a
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prospectively maintained regional colorectal cancer quality registry. The reg-
istry includes all patients diagnosed with rectal cancer in Region Vistmanland
and was used for cohort identification and retrieval of follow-up data, includ-
ing dates of death and documented recurrence. Patients were excluded if pre-
operative MRI was unavailable, if distant metastases were known at the time
of surgery, if more than one synchronous colorectal malignancy was present,
or if the tumor was treated by local excision only, such as polypectomy.

Cancer-free survival (CFS) was defined as the time from baseline MRI to
first documented local or distant recurrence; death without documented recur-
rence was not considered an event, and patients without recurrence were cen-
sored at death or last follow-up. Overall survival (OS) was defined as the time
from baseline MRI to death from any cause; patients alive at the end of follow-
up were censored at their last known follow-up date. Outcome data were ob-
tained from the regional registry and cross-checked through targeted review
of medical records and survival status on October 20, 2025.

Radiological assessment

Baseline rectal MRI examinations were performed as part of routine clinical
staging on 1.5-T or 3.0-T scanners. The assessment was based mainly on high-
resolution T2-weighted images in three planes; diffusion-weighted imaging,
when available, was used as supportive information for detection of nodular
structures.

All examinations were retrospectively re-reviewed independently by two
experienced abdominal radiologists who were blinded to clinical outcomes.
To ensure that both readers assessed the same lesions, mesorectal and lateral
nodular structures with a short-axis diameter >4 mm were pre-marked by a
third radiologist and assigned unique identifiers. Discrepant independent in-
terpretations were resolved by consensus in a separate session.

For each examination, standard MRI risk factors were recorded, including
low tumor location (< 5 cm from anal verge), mrT stage, mrEMVI status,
mrMREF status, and MRI quality sufficient for evaluation. Nodular structures
were then classified into four categories: suspicious metastatic lymph nodes
without extranodal extension (mrLN+), irregular nodules compatible with ex-
tranodal extension or tumor deposit—like disease but without visible venous
continuity (mrENE+), irregular nodules with unequivocal venous continuity,
interpreted as vascular tumor deposits (mrTD_Vein+), or benign/non-specific
nodules. In equivocal cases, morphologic signs were preferentially classified
as absent. The number of nodules in each suspicious MRI-defined category
was used in the prognostic analyses.
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Parastomal hernia (III and I'V)

Patients

Paper 111

Patients who underwent APE or Hartmann’s procedure for rectal cancer with
permanent colostomies between 2002 and 2015, and who had follow-up CT
examinations at 1 and 3 years postoperatively, were included in this study. All
patients operated on in Region Véstmanland during this period were registered
in a prospectively collected quality registry, which documented variables such
as BMI, smoking status, and the use of prophylactic mesh. A total of 116 pa-
tients were included, with a median age of 71 years. Of these, 72 (62%) were
men, 70 (60%) received prophylactic mesh, and 16 (14%) were smokers.

Paper IV

The Stoma-Const study was a randomized, prospective, multicenter trial eval-
uating the effect of surgical technique and prophylactic mesh on the 1-year
incidence of parastomal hernia. The trial had three arms: one using prophy-
lactic mesh and two without mesh, employing either a circular or cruciate in-
cision for the stoma aperture. Three hospitals participated, however, only two
randomized patients to the mesh arm. For the present retrospective analysis,
we included patients from these two hospitals who underwent 1-year assess-
ment of parastomal hernia by CT. In total, 149 patients were included in the
per-protocol cohort. After exclusion of patients with missing CT examinations
or other missing variables, 135 patients remained for the complete-case anal-
yses. The mean age was 68 years, 83 (56%) were men, and 57 (38%) received
prophylactic mesh.

Surgical procedures

Paper 111

Until 2006, prophylactic meshes were not used in region Vistmanland. In
2007, a decision was made to adopt routine use of prophylactic meshes fol-
lowing a positive study [62]. Initially, a Vipro mesh (Ethicon, Norderstedt,
Germany) measuring 10 X 10 cm was used. In 2010, this was replaced with a
self-gripping Parietex ProGrip mesh (Medtronic, Fridley, Minnesota, U.S.),
measuring 15 x 9 cm, as it was deemed easier and faster to handle during
surgery. There was no randomization of patients to receive mesh or no mesh,
but also no bias in patient selection for mesh placement because the local
guidelines applied to all patients at any point in time. The mesh was positioned
between the RAM and the posterior rectus sheath in a sublay position. All
patients were operated with an open approach and for all cases only three sen-
ior surgeons were involved in mesh insertion.

47



Paper IV

The choice of surgical approach (laparoscopic or open) was left to the discre-
tion of the operating surgeon. For both the circular and cruciate incisions, the
length was initially calculated as 50% of the bowel width, but adjustments
were made as needed based on the surgeon's judgment. Patients in the mesh
arm underwent a cruciate incision, where a lightweight, partially absorbable
10 x 10 cm Ultrapro mesh (ETHICON, Johnson & Johnson) was used. The
mesh was placed in a sublay position and secured to the posterior rectus sheath
with absorbable 2-0 sutures. The surgical protocol for stoma creation and
mesh placement included a description and a video of dissection techniques
ensuring a consistent surgical method.

Imaging Assessment

In Paper III, the CT examinations were performed as routine follow-up at 1
and 3 years after surgery to detect cancer recurrence and were not specifically
designed to assess parastomal hernias, as this was a retrospective research
question. The examinations were therefore conducted in the standard supine
position.

In contrast, Stoma-Const was a prospective study focused on parastomal
hernias, and CT was performed 1 year after surgery. For most patients, scans
were also performed in the prone position using an inflatable ring around the
stoma to optimize the assessment of parastomal hernias. The examinations in-
cluded images in the supine position as well, which were used for the evalua-
tion of RAM atrophy and stoma positioning to ensure consistent assessments
between Papers 111 and IV.

Parastomal hernia on CT

In both studies, the assessment of parastomal hernia was conducted by a single
radiologist who was blinded to patient data, including the use of prophylactic
mesh, which is not visible on CT. In Paper III, the primary assessment was
parastomal hernia at the three-year CT. In Paper [V, this assessment was already
performed as part of the Stoma-Const study and was not reassessed. Both papers
used similar criteria for parastomal hernia: any herniation of intra-abdominal
content through the abdominal wall or identification of a hernia sac.

RAM atrophy

RAM atrophy was evaluated at the one-year CT as follows: The thickness of
the RAM below the stoma was compared with the contralateral side. An ex-
ample is found in Figure 6. If the thickness was visually judged to be signifi-
cantly thinner than the contralateral side, it was classified as atrophied; other-
wise, it was classified as equal. In Paper III, the assessment was made by one
radiologist, while in Paper IV, two radiologists assessed RAM atrophy
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independently. When the radiologists disagreed, the differing assessments
were noted for interrater agreement calculation, but a consensus was reached
through discussion.

Figure 6

CT of the abdomen showing the anterior abdominal wall

(a) in a patient who underwent surgery for rectal cancer with a left-sided stoma. (b)
The same image with color overlays highlighting (green [Jl]) a normal right rectus
abdominis muscle (RAM), (blue 1) a markedly thinned left RAM, and (orange = )
a mild cutaneous indentation corresponding to the stoma appliance. The image is ac-
quired just inferior to the level where the stoma traverses the abdominal wall muscu-
lature and subcutaneous tissue.

Stomal aperture size

Stomal aperture size was measured on the one-year CT scan in Paper III by
the radiologist. The stoma aperture’s width (W) and height (H) were meas-
ured, and the stomal aperture area was approximated by the formula W x H /
2. In Paper IV, this measurement was instead conducted by the surgeon during
the operation.

Stoma position

The stoma’s position within the RAM was analyzed by measuring the distance
from the medial RAM limit to the medial stoma border (M) and from the lat-
eral stoma border to the lateral RAM limit (L). Both the absolute value for M
and the relative position within the RAM (100 x M/ [M + L] %) were included
in the analysis. In Paper III, the distance from the abdominal wall midline to
the medial stomal border was also measured. In both Papers III and IV, these
measurements were performed by one radiologist.
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Midline shift

In Paper III, the displacement of the abdominal wall midline was measured.
The expected/correct midline (referred to as the anatomical midline) was de-
fined as the line connecting the processus xiphoideus and the symphysis,
which are the attachment points of the linea alba—the structure situated be-
tween the two rectus muscles. The actual midline was defined as the midpoint
between the medial edges of the left and right RAM (see Figure 3). Midline
shift was calculated as the distance from the actual abdominal wall midline to
the anatomical midline, with positive values indicating a shift towards the
stoma.

Statistical methods

Descriptive statistics were used in all papers.

In Paper IV, an analysis plan was created prior to the statistical analysis. A
directed acyclic graph (DAG) was developed to visualize causal relationships
between variables to identify potential confounders, guide variable selection,
and ensure that the statistical analysis was consistent with the underlying
causal framework.

In all papers, statistical analyses were conducted using R [75], with a sig-
nificance level of P < 0.05 applied across all papers. In Paper 111, differences
in proportions were analyzed using the Chi-squared test, except for small sam-
ple sizes, where Fisher’s exact test was applied. Student’s t-test was used for
comparing mean values.

Multivariable analyses

To perform statistical analyses involving multiple independent variables, dif-
ferent regression methods were used depending on the type of outcome. For
binary outcome variables, such as the presence or absence of a parastomal
hernia, binomial logistic regression produces an odds ratio (OR) for each in-
dependent variable. An alternative method for binary outcomes is modified
Poisson regression [76], which provides a risk ratio (RR). For time-to-event
outcomes, Cox proportional hazards regression produces hazard ratios (HRs),
which estimate the relative event rate during follow-up.

The RR obtained from the analysis is straightforward to interpret: an RR >
1 indicates that the factor is associated with an increased risk of the outcome.
For example, an RR of 1.4 corresponds to a 40% relative increase in risk.
Similarly, an OR > 1 suggests an increased likelihood of the defined outcome,
but translating OR into a relative risk is less straightforward. An HR > 1 indi-
cates a higher rate of the event during follow-up, such as recurrence or death,
whereas an HR < 1 indicates a lower event rate. HRs should therefore be
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interpreted as relative event rates over time, rather than as direct measures of
absolute risk.

One reason why binomial logistic regression and ORs are frequently used
is their applicability to specific study designs, such as case-control studies,
where RR cannot be directly calculated, and OR must be employed. Binomial
logistic regression (which yields ORs) can still be used to identify factors that
significantly influence the dependent variable. However, the magnitude of the
effect is more challenging to interpret compared to RRs.

Because the number of events limits the number of variables that can be
included in multivariable models, adjustment sets were kept parsimonious and
guided by clinical reasoning and presumed causal structure.

In Paper II, Kaplan-Meier curves were used for descriptive survival anal-
yses, while Cox proportional hazards models were used to estimate associa-
tions between MRI-defined malignant mesorectal nodular disease and cancer-
free survival or overall survival. In Paper III, binomial logistic regression was
used, and results were presented as ORs. In contrast, in Paper 1V, modified
Poisson regression was applied, and results were presented as RRs. Missing
data were handled using complete-case analysis.

Interrater agreement in Paper IV was assessed using Cohen’s kappa co-
efficient.

Variable selection in multivariable analyses

To accurately interpret a multivariable analysis, it is crucial to plan which var-
iables to include. This process requires a clear understanding of the research
question and the relationships between variables. Two key aspects to consider
are the use of Directed Acyclic Graphs (DAGs) and the handling of collinearity.

Directed Acyclic Graph (DAG) Analysis

A DAG is a valuable tool for visualizing and understanding causal relation-
ships between variables. By mapping out these relationships, one can identify
which variables are confounders, colliders, mediators, or outcomes. A con-
founder is a variable that influences both the independent and dependent var-
iable and should typically be adjusted for in the analysis. Conversely, a col-
lider is a variable that results from the interaction of two other variables and
should not be adjusted for, as doing so could introduce bias. Mediators repre-
sent pathways through which the independent variable affects the dependent
variable, and their inclusion depends on the specific research question.

When constructing a DAG, one must carefully consider the causal path-
ways and ensure the diagram accurately reflects the assumed relationships be-
tween variables. Tools like DAGitty can be particularly useful in this process.
DAGitty is an online application that allows users to create, visualize, and
analyze DAGs [77]. It supports identifying potential confounders, detecting
colliders, and suggesting adjustment sets to minimize bias in causal inference.
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The DAG helps determine which variables should be included in the model
to avoid bias and achieve valid causal inference. Variables that introduce un-
necessary complexity or bias, such as colliders, are typically excluded, while
confounders are retained to control for spurious associations.

Collinearity

Collinearity occurs when two or more independent variables in a model are
highly correlated, which can lead to statistical uncertainty in estimating the
effects of these variables. Unlike colliders, collinearity does not introduce bias
but can inflate standard errors, making it difficult to determine the individual
contribution of each variable to the outcome. High collinearity can obscure
meaningful insights and reduce the interpretability of the model.

To address collinearity, it is often appropriate to remove one of the highly
collinear variables from the model. The choice of which variable to exclude
should be guided by theoretical considerations, domain knowledge, and the
relevance of the variable to the research question. Diagnostic tools, such as
variance inflation factors (VIFs), can help identify collinear variables, but de-
cisions about inclusion should also consider the overall purpose and context
of the analysis.

In summary, selecting variables for a multivariable analysis requires a sys-
tematic approach. DAGs provide a framework for identifying variables based
on their causal roles, while attention to collinearity ensures that the statistical
estimates remain interpretable and robust. Together, these considerations form
the foundation for a well-designed and meaningful multivariable analysis.

In Paper 111, high collinearity was anticipated between three variables, and
only one was retained—the one that provided the best fit.

In Paper 1V, a statistical analysis plan was created before data analysis. The
DAG used for the primary endpoint is shown in Figure 7.
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Figure 7

A Directed Acyclic Graph was utilized to visualize and analyze the relationships be-
tween variables in the statistical analysis presented in Paper IV, created using the
online tool www.dagitty.net. Here, the analysis for the primary endpoint is shown,
specifically the relationship between the exposure, rectus abdominis muscle atrophy,
and the outcome, parastomal hernia. Green oval, ancestor of exposure; blue oval, an-
cestor of outcome; red oval, ancestor of exposure and outcome; green arrow, causal
path,; red arrow, biasing path. BMI, body mass index.

Technical aids and use of artificial intelligence

Several technical aids were used throughout the work included in this thesis.
Some of these are now so integrated into academic and clinical work that they
are rarely noticed as technical aids, such as word-processing software with
spelling and grammar support, spreadsheet software, statistical software and
reference-management tools. Others were more study-specific, including cus-
tom-developed software for review and annotation of radiological images. In
Paper 11, an in-house review application based on the Open Health Imaging
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Foundation (OHIF) platform [78] was used to present pre-marked mesorectal
nodular structures to both readers and support structured image assessment. In
Paper 111, a Visualization Toolkit-based DICOM viewer was used for ab-
dominal wall measurements [79], and R scripts for data processing, statistical
analyses and automated generation of tables and result text [75].

The use of such tools was guided by the same general principle: a technical
aid should improve the overall balance between benefit and risk. More ad-
vanced tools may introduce new types of error, including systematic or soft-
ware-related errors, but they may also reduce common human errors related
to fatigue, repetitive manual work, transcription, recalculation and incon-
sistent formatting. For this reason, technical tools were used to increase repro-
ducibility, efficiency and consistency, while outputs were checked against
source data, statistical models, manuscript text and clinical interpretation.

Generative artificial intelligence was not used in the original work leading
to Papers I, Il and IV, which was largely performed before publicly available
large language models became part of routine academic work. In Paper II,
ChatGPT was used as an assistive tool for development of review software,
generation and refinement of R scripts for statistical analysis, and drafting and
language revision of manuscript text. For the mid-term review document and
the present comprehensive summary, ChatGPT was also used repeatedly for
language editing, structural review, identification of inconsistencies or unre-
solved threads, suggestions for clearer phrasing, and checks of references, ta-
bles and conclusions.

All Al-generated output was reviewed, edited and verified by the author.
No generative Al tool was used to generate study data, perform radiological
classifications, make statistical decisions independently, or determine the sci-
entific conclusions of the thesis. I remain fully responsible for the content,
analyses and conclusions presented in this thesis.

Ethics

Ethics in medicine concerns the principles guiding actions to promote patient
welfare, avoid harm, respect autonomy, and ensure fairness. The importance
of ethical reflection in medicine has been recognized since ancient times, as
expressed in the Hippocratic Corpus: “Practice two things in your dealings
with disease: either help or do not harm the patient.”

The rapid development of modern medical research highlighted the need
for explicit ethical frameworks, especially following historical abuses during
the 20th century. This led to the Declaration of Helsinki, first adopted by the
World Medical Association in 1964, which provides internationally recog-
nized guidelines for research involving human subjects [80]. Its aim is to safe-
guard the rights, safety, and well-being of research participants while promot-
ing high scientific and ethical standards.
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The studies included in this thesis were primarily retrospective reviews of
radiological images and secondary analyses of previously collected clinical or
trial data from patients who underwent surgery several years prior to this re-
search. Ethical concerns are relatively limited, as no new interventions were
performed and the patients were not directly affected by the review itself.
However, there remains a responsibility to handle data securely and to con-
sider situations where previously undetected, clinically significant findings
might be discovered. Moreover, ethical obligations extend to ensuring the sci-
entific integrity of the work—drawing accurate conclusions is essential to
avoid misleading future clinical practice. Against these considerations stands
the potential benefit for many future patients, who may receive improved di-
agnosis and treatment for similar conditions as a result of this research.

All studies had ethical approval from the Ethics Review Authority or re-
gional ethics committees. Due to the retrospective nature of the studies, the
requirement for patient consent was waived.
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Results

Tumor deposits (I and II)

TDs on MRI and histopathology — patient-level blinded analysis

A total of 88 patients were included (44 TD+ and 44 TD—based on pathology).
However, due to issues with image quality — primarily low resolution,
blurred images, or incomplete visualization of rectosigmoid tumors — 15
TD+ and 12 TD- patients were excluded, leaving 61 patients for analysis. The
primary patient-level analysis of concordance between MRI and pathology is
presented in Table 1 (TD) and Table 2 (LN). The prefixes mr- and p- are used
to denote MRI-based and pathology-based assessments, respectively. The
agreement between pathological and MRI assessment of TDs was very low,
with a negative kappa value (—0.04). MRI showed a sensitivity of 21% and a
specificity of 75% for detecting TDs. For LN assessment, the results were
slightly better with sensitivity 41%, and specificity was high at 100%.

Table 1. Cross-tabulation of TD assessment, with MRI evaluation on the x-axis and
pathology evaluation on the y-axis, with the number of patients in each table entry.

mrTD+ mrTD-
pTD+ 6 23
pTD- 8 24

Table 2. Cross-tabulation of LN assessment, with MRI evaluation on the x-axis and
pathology evaluation on the y-axis, with the number of patients in each table entry.

mrLN+ mrLN-
pLN+ 22 32
pLN- 0 7
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TDs on MRI and histopathology — nodule-level exploratory
analysis

A total of 50 pTDs (including 43 measuring <5 mm; 86%) and 167 pLNs (131
<5 mm; 78%) were included in the analysis. MRI performance relative to his-
topathology differed substantially depending on nodule size (>5 mm vs <5
mm), see Table 3.

Agreement between MRI and histopathology was poor for both TD detec-
tion (kK =—0.04) and LN+ detection (x = 0.16). Among lesions missed on MRI,
91% of pTDs and 95% of pLNs were < 5 mm. Importantly, none of the pTDs
<5 mm were correctly classified as mr'TD, and only 3% of pLNs < 5 mm were
correctly classified as mrLN. Misclassification was slightly asymmetric: 6%
of pLN+ were interpreted as mrTD+, whereas no pTD+ was interpreted as
mrLN+.

Table 3. Cross-tabulation of MR-based classification (x-axis) versus histopathological
classification (y-axis). Cells show the number of nodules assigned to each MR—pa-
thology combination, with the corresponding proportion (%) in parentheses.

Total mrLN+ mrTD+ mrNeg

pLN+ 167 26 10 131
PLN+>5mm  36/167 (22%)  22/26 (85%) 7/10 (70%)  7/131 (5%)

PLN+ <5mm  131/167 (78%)  4/26 (15%) 3/10 (30%) 124/131 (95%)

pTD+ 50 0 3 47
pTD+ > 5mm 7/50 (14%) 0 3/3 (100%)  (2+2%*)/47 (9%)
pID+ <5mm 43/50 (86%) 0 0/3 (0%) 43/47 (91%)

pNeg 0 4 2 0

p, histopathological assessment, mr; MRI assessment, TD+; tumor deposit, LN+,
lymph node metastasis, Neg; no metastasis. * Of these four cases, a corresponding
nodal MR structure > 5 mm was identified during the side-by-side comparison in two,
whereas no corresponding MRI finding was identifiable in the remaining two.

Clinical outcomes of MRI-defined nodular disease

Paper II evaluated pretreatment MRI-defined mesorectal nodular disease in
263 patients with rectal cancer. On baseline MRI, mrLN+ was identified in 56
(21%), mrENE+ in 34 (13%), and mrTD_Vein+ in 26 (10%) patients. Among
226 MRI-defined malignant/metastatic nodular structures, 120 (53%) were
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classified as mrLN+, 51 (23%) as mrENE+, and 55 (24%) as mrTD_Vein+.
During follow-up, 49 patients (19%) developed recurrence and 85 (32%) died.

In adjusted count-based Cox regression, mrLN+ count and mrTD_ Vein+
count were associated with worse cancer-free survival and overall survival.
For cancer-free survival, the HRs were 1.23 (95% CI 1.01-1.50; p=0.037) for
mrLN+ and 1.44 (95% CI 1.11-1.88; p=0.007) for mrTD_Vein+. For overall
survival, the HRs were 1.26 (95% CI 1.06-1.49; p = 0.008) for mrLN+ and
1.31 (95% CI 1.03-1.68; p=0.028) for mrTD_Vein+. mrENE+ count was not
independently associated with either endpoint. The main descriptive and ad-
justed survival findings are summarized in Table 4.

Table 4. MRI-defined nodular findings and adjusted count-based survival associations
with cancer-free and overall survival.

MRI Patients Nodules Adj. HR for CFS Adj. HR for OS

1.23 (1.01-1.50); 1.26 (1.06-1.49);

o 0
mrLN+ 56/263 (21%) 120 (53%) p=0.037 p=0.008

0.92 (0.59-1.43); 0.79 (0.52-1.21);
miENE+ 34263 (13%) - 5123%)  Zoag p030
1.44 (1.11-1.88); 1.31 (1.03-1.68);

1 0 0
mrTD_ Veint+ 26/263 (10%) 55 (24%) p=0.007 p=0.028

Values are n/N (%) for patients and n (%) for nodules. HRs are adjusted per additional
nodule for mrT-stage group, mrEMVI and mrMRF. CFS = cancer-free survival;, OS
= overall survival.

Parastomal hernia (III and 1V)

RAM atrophy

In Paper III, RAM atrophy was observed in 27 patients (23%). Of these, 26
were in the group that received prophylactic mesh. The proportion of patients
with RAM atrophy in the mesh group was therefore significantly higher than
in the non-mesh group (37% compared to 2%, P <0.001), see Table 5.

In Paper IV (Table 6), 13 patients (8.7%) were identified with RAM atro-
phy, of whom 7 were in the mesh group. The proportion of patients with RAM
atrophy was 12.3% in the mesh group and 6.5% in the non-mesh group, with
no statistically significant difference between groups. Interrater agreement for
RAM atrophy assessments was high (Cohen’s kappa = 0.85). In a multivaria-
ble analysis, no significant difference was observed between the mesh and
non-mesh groups regarding their contribution to RAM atrophy. Overall, the
incidence of RAM atrophy was lower in Paper IV compared to Paper III.
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Parastomal hernia

In Paper 111, at the three-year CT follow-up, 55 patients (47%) were diagnosed
with parastomal hernia, including 26 patients (57%) without prophylactic
mesh and 29 patients (41%) in the prophylactic mesh group. Multivariable
analysis identified RAM atrophy (P = 0.007; OR 0.15; 95% CI 0.03-0.55),
age (P =0.001; OR 1.09; 95% CI 1.04-1.16), and stoma aperture area (P <
0.001; OR 1.85; 95% CI 1.45-2.50) as significant factors, while prophylactic
mesh was not significant (P =0.765), Table 5. The odds ratio for RAM atrophy
(0.15) suggests a possible protective association in that cohort.

In Paper IV, 63 patients (42%) were diagnosed with parastomal hernia, in-
cluding 41 patients (45%) in the non-mesh group and 22 patients (39%) in the
mesh group. The only statistically significant risk factor identified in the mul-
tivariable analysis was age (P = 0.01, RR 1.03, 95% CI 1.01-1.05), Table 6.
RAM atrophy (P = 0.80) and stoma aperture area (P = 0.05) were not signifi-
cant factors.

Table 5. Multivariable logistic regression analysis of parastomal hernia risk in patients
with rectal cancer and a permanent colostomy in the Vistmanland region between
2002 and 2015.

OR 95% CI P
Age 1.09 1.04-1.16 0.001
Female sex 0.76 0.26-2.18 0.606
Current smoking 1.99 0.52-8.02 0.317
RAM atrophy 0.15 0.03-0.55 0.007
Midline shift (cm) 1.18 0.65-2.20 0.598
Prophylactic mesh used 1.17 0.43-3.27 0.765
Stoma position in RAM (cm) 1.56 1.00-2.50 0.056
Stoma aperture area (cm?) 1.85 1.45-2.50 <0.001

ClI; confidence interval, OR; odds ratio, RAM; rectus abdominis muscle
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Table 6. Modified Poisson regression of parastomal hernia risk in the Stoma-Const
study cohort.

RR 95% CI P
RAM atrophy 1.07 0.62-1.86 0.80
Age 1.03 1.01-1.05 0.01
BMI 1.04 0.99-1.09 0.15
Male sex 0.94 0.63-1.41 0.77
Open vs Laparoscopic 1.15 0.73-1.80 0.55
Stoma aperture area (cm?) 0.93 0.87-1.00 0.05
Stoma position in RAM (cm) 0.97 0.81-1.15 0.70
Comorbidity 1.03 0.67-1.59 0.89

CI; confidence interval, RR; risk ratio, BMI; body mass index, RAM; rectus abdominis
muscle
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General discussion

Tumor deposits (I and II)

Current guidelines and national care pathways largely rely on MRI-derived
features to stratify rectal cancer into risk categories for both local recurrence
and distant metastases. This risk stratification provides prognostic infor-
mation, guides surgical planning, and informs decisions on neoadjuvant treat-
ment: high-risk patients benefit from intensified multimodal therapy, whereas
low-risk patients have traditionally proceeded directly to surgery, thereby
avoiding the morbidity associated with oncologic treatment. While the benefit
of neoadjuvant therapy in clearly high-risk disease is well supported, the rel-
ative contribution of individual MRI features to recurrence risk remains less
well defined.

EMVI is an established adverse prognostic marker. In recent years, TDs
are attracting increasing interest, partly based on the observation that EMVI
correlates strongly with TDs and that both may represent a biological contin-
uum of extramural tumor spread—ifrom venous invasion (EMVI), to discon-
tinuous tumor foci within the mesorectum (TDs), and ultimately to hematog-
enous dissemination and liver metastases. While mesorectal metastases were
previously often interpreted mainly as lymph node disease, they are now gen-
erally divided into nodal metastases and TDs, with TDs possibly representing
a more aggressive phenotype. If TDs could be reliably distinguished from
lymph node metastases on pretreatment MRI, and if TDs (rather than nodal
metastases) were the dominant driver of adverse outcomes, this could have
direct implications for care pathways: escalation of treatment for patients with
even a limited number of TDs, and potential de-escalation (i.e., omission of
neoadjuvant therapy) when lymph node metastases are the sole risk feature.

We evaluated this hypothesis using two complementary approaches: (1)
using histopathology-confirmed TDs as the reference standard to assess MRI
detection and classification, and (2) using recurrence and survival outcomes
as clinical reference standards to explore prognostic relevance.

There are advantages and limitations to both approaches. Histopathologi-
cally defined TDs carry established adverse prognostic information, and pa-
thology was the modality that originally identified, defined, and distinguished
TDs from lymph node metastases. It therefore becomes conceptually prob-
lematic to apply the same term on MRI if the underlying structures are not
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equivalent on histopathology and MRI—hence the rationale for directly com-
paring MRI with pathology.

Selecting patients who had not received neoadjuvant therapy was expected
to yield a cohort with less advanced tumors, but this selection was made to
enable a more robust MRI-pathology comparison by minimizing treatment-
related alterations. What was unexpected, however, was the very small size of
most TDs in this cohort. Importantly, even in more advanced disease, one
would anticipate not only a greater number of larger TDs but also a substantial
burden of similarly small deposits. As a consequence, with current MRI tech-
nology and standard protocols, nodule-level sensitivity for detecting TDs is
unlikely to be high. This raises the argument that the mrTD definition may
need to differ from pTD, while ideally remaining as closely aligned as possi-
ble. A useful analogy is EMVI, where not all pathologically proven vascular
invasion is expected to be detectable on MRI.

In contrast, comparing MRI findings against hard clinical endpoints such
as recurrence and survival has the advantage of directly addressing what ulti-
mately matters to patients. The main limitation of this approach is the strong
correlation between established risk factors—such as T category, EMVI, TDs,
and nodal metastases—which complicates attribution of prognostic effects to
any single feature. Moreover, an endpoint-driven design might be less suited
for exploratory “feature discovery” of TD criteria on MRI; in practice, one
must largely adopt pre-existing definitions from the literature and then test
their predictive value.

Previous MRI-based outcome studies have generally supported the adverse
prognostic relevance of tumor-deposit-like mesorectal disease, but they have
used partly different definitions and modeling strategies. Lord et al. reported
that MRI-defined TD/EMVI status outperformed conventional clinical TNM
staging, although mrTD and mrEMVI were combined because of collinearity
[38]. Similarly, Di Fabio et al. analyzed mrTD and mrEMVI as a combined
adverse vascular category [81], and Marjasuo et al. reported impaired outcome
in patients with MRI-detected mesorectal TDs [82]. These studies support the
concept that venous-contiguous or tumor-deposit-like mesorectal disease rep-
resents an adverse MRI phenotype, but they do not fully resolve whether TD-
like nodules, EMVI and suspicious lymph nodes are distinct prognostic enti-
ties or partly overlapping expressions of malignant mesorectal tumor burden.
In Paper I, mrTD_Vein+ was therefore kept separate from binary mrEMVI
status, and the number of mrTD Vein+ lesions remained associated with
worse outcome. At the same time, strict mrLN+ count was also prognostic,
arguing against a simple hierarchy in which TD-like lesions are categorically
more important than suspicious lymph nodes.

Taken together, Papers I and II support a distinction between pathology-
defined entities and imaging-based risk stratification. Paper I suggests that
pretreatment MRI cannot reliably reproduce the histopathological distinction
between small TDs and metastatic lymph nodes. Paper II adds that MRI-
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defined mesorectal nodular disease still carries prognostic information when
assessed quantitatively: both strict mrLN+ and venous-contiguous
mrTD_Vein+ counts were associated with adverse outcome, whereas the
broader mrENE+ category did not retain an independent association. This
might argue against assigning a definitive pathological label, or an assumed
risk hierarchy, to every nodule on MRI. A more clinically useful interpretation
may be that confidently malignant mesorectal nodule burden is a risk feature
that should be reported and validated alongside established MRI factors.

Parastomal hernia (III and 1V)

The divergent results from randomized trials of prophylactic mesh present a
significant interpretive challenge. While the initial 2004 trial demonstrated
clear benefit, subsequent larger studies yielded conflicting results—some
showing substantial hernia reduction, others finding no effect whatsoever.
This heterogeneity persists despite superficial similarities in study design,
such as use of sublay mesh placement and predominantly open surgical ap-
proaches. This heterogeneity is also reflected in contemporary guidance where
EHS now frames prophylactic mesh for end colostomy as a conditional rec-
ommendation in general, with a stronger recommendation reserved for high-
risk patients [70].

What accounts for these contradictory findings? Three factors warrant par-
ticular consideration: diagnostic methodology, surgical technique variation,
and patient selection.

Diagnostic methods clearly vary across studies, ranging from CT scans,
clinical diagnoses, or a combination of both. Furthermore, the non-interven-
tion arms of randomized trials, i.e., patients not receiving prophylactic mesh,
show substantial variability in hernia rates between studies. This could be at-
tributed to differences in diagnostic criteria or surgical techniques used for
stoma creation, even without mesh. Additionally, hernia rates increase over
time postoperatively, and variations in follow-up durations may partly explain
discrepancies between studies, although the study reporting the highest inci-
dence only had a one-year follow-up.

Surgical techniques vary in aspects such as mesh placement and whether
an open or laparoscopic approach is used. Even among studies employing sim-
ilar techniques, such as sublay mesh placement and predominantly open sur-
geries, both positive and negative results for prophylactic mesh were reported.
This raises the question of whether aspects of the surgical technique, despite
attempts to standardize it, might significantly impact outcomes.

The hypothesis of RAM atrophy as a contributing factor is one such con-
sideration. Could differences in how surrounding tissues are handled at differ-
ent centers explain the variability in study results? The nerves innervating the
abdominal musculature beneath the stoma run laterally to it [83], and adjacent
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layers must be dissected to accommodate and secure the mesh. Factors such
as mesh size (which varies slightly between studies), stoma positioning within
the rectus muscle (rarely defined in detail in studies), and the extent of dissec-
tion required by surgeons to position the mesh could potentially impact these
nerves and differ between studies.

In Paper III, RAM atrophy was observed almost exclusively among pa-
tients who had received prophylactic mesh and was associated with lower
odds of parastomal hernia. This raised the hypothesis that abdominal wall
changes after mesh placement, possibly related to the extent or direction of
dissection around the stoma, might influence later hernia formation. However,
the finding should be interpreted as hypothesis-generating. Paper 111 was ret-
rospective, single-region, and based on routine supine follow-up CT, and the
association between mesh, RAM atrophy and parastomal hernia was not con-
firmed in Paper IV.

Paper IV was based on patients from the prospective randomized Stoma-
Const trial and used a predefined analysis plan. In that cohort, RAM atrophy
was less common, prophylactic mesh was not significantly associated with
RAM atrophy, and RAM atrophy was not associated with parastomal hernia.
Taken together, Papers III and IV suggest that surgical technique and local
practice may influence abdominal wall morphology after stoma construction,
but they do not support RAM atrophy as a reproducible protective mechanism
against parastomal hernia.
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Conclusions

Paper I

In this “low-risk” cohort of rectal cancer patients (selected by the absence of
neoadjuvant therapy), TDs were generally small and were difficult to identify
as malignant and to distinguish from LN metastases on pretreatment rectal
MRI.

Paper 11

MRI-defined mesorectal nodular disease carried prognostic information,
with worse cancer-free and overall survival for increasing strict mrLN+
and mrTD_Vein+ counts, whereas mrENE+ showed no clear independent
association.

Paper 111

RAM atrophy was more frequent after prophylactic mesh placement and was
associated with lower odds of parastomal hernia, but this finding should be
regarded as hypothesis-generating.

Paper IV

The previously observed association between prophylactic mesh, RAM atro-
phy and parastomal hernia was not confirmed in the Stoma-Const cohort.
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Future perspectives

Tumor deposits

Future perspectives for improved risk assessment extend beyond tailoring pre-
operative oncologic treatment. More refined stratification could also inform
how aggressively distant metastases are sought at staging and during follow-
up. In patients at high metastatic risk, even subtle indeterminate liver findings
on CT carry a higher pre-test probability of representing metastases. This
could justify a lower threshold for liver MRI—potentially including stream-
lined liver protocols performed in conjunction with rectal MRI—as well as
risk-adapted surveillance intensity and intervals. However, implementing
such differentiated pathways requires that risk categories translate into suffi-
ciently large and clinically meaningful differences in overall recurrence risk;
TDs may be one such component of future risk stratification.

For mesorectal nodular disease specifically, future studies should validate
whether quantitative MRI-defined nodule burden adds clinically meaningful
risk stratification beyond mrT stage, mrEMVI and mrMRF, and should test
reproducibility across readers, scanners and centers. The relationship between
mrTD_Vein+ lesions, pathology-defined TDs and EMVI also needs clarifica-
tion, because venous continuity is useful as an imaging feature but does not
necessarily correspond directly to the pathology definition of a TD.

With regard to oncologic treatment, ongoing trials are evaluating broader
use of neoadjuvant therapy, including in lower-risk disease, with the aim of
increasing complete clinical response rates and enabling more patients to
avoid surgery. If such strategies become widely adopted, the incremental
value of pretreatment risk stratification for selecting neoadjuvant therapy may
diminish.

For detection and monitoring of distant metastases, developments in both
imaging and biomarkers may further reshape practice. Liver MRI may become
more common, either as an add-on or integrated component of staging, while
advances in CT technology continue to improve sensitivity for very small me-
tastases. In the follow-up setting, blood-based approaches (e.g., assays aimed
at early detection of recurrence) are also emerging and may be used to indi-
vidualize when, how, and with which modality patients are surveilled after
surgery.

Taken together, these tools are likely to become complementary rather than
mutually exclusive. Their integration may increase the need for
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multidisciplinary, patient-level synthesis—placing higher demands on radiol-
ogists and other involved specialties to combine imaging findings, clinical
factors, and biomarkers into coherent risk stratification and optimized diag-
nostic and treatment pathways.

Parastomal hernia

Parastomal hernia remains a major, unresolved clinical problem for patients
with permanent stomas. Moving forward, progress requires addressing several
key challenges.

Endpoint definition and measurement must be refined. The field's contin-
ued reliance on "overall parastomal hernia frequency" as the primary end-
point—whether clinically or radiologically detected—does not adequately
capture what matters to patients. Future trials could prioritize clinically mean-
ingful outcomes: symptomatic parastomal hernia requiring intervention, vali-
dated patient-reported outcome measures, and quality of life impacts. How-
ever, defining "symptomatic parastomal hernia" presents its own challenges,
particularly in distinguishing parastomal hernia from stomal prolapse and de-
termining whether these should constitute separate endpoints or be combined
into a broader "stoma-related morbidity requiring reoperation" category. The
trade-off is clear: more specific, patient-centered endpoints will reduce event
rates and require substantially larger sample sizes, making adequately pow-
ered surgical trials more difficult to conduct.

Mechanistic research should explore the complex interplay between mesh,
surgical technique, and tissue responses. Our RAM atrophy findings suggest
that biomechanical outcomes may depend on factors beyond simple mesh
presence or absence. Future studies should therefore quantify postoperative ab-
dominal wall morphology using standardized imaging protocols, assess muscle
function and innervation status where feasible, and relate these measures to
long-term hernia development. It would also be important to investigate whether
observable tissue changes can predict which patients are most likely to benefit
from, or be harmed by, prophylactic mesh reinforcement.

Because deliberately inducing rectus denervation for research purposes
would be difficult to justify, observational cohorts with detailed surgical doc-
umentation may provide a more feasible way to gain mechanistic insights.
Particular value might come from studying RAM atrophy-parastomal hernia
relationships in populations derived from "positive" mesh trials, which could
clarify whether denervation-related changes modify mesh effectiveness and
contribute to between-trial heterogeneity.

Technical innovation continues with specialized mesh designs. The three-
dimensional funnel-shaped mesh ("chimney" concept), placed intraperitoneally
to create a reinforcing collar around the bowel, showed lower CT-confirmed
and clinical parastomal hernia rates at both 12 months and 3 years [73, 74]. This
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is encouraging, but the broader prophylactic mesh literature still teaches cau-
tion: one successful design in a specific surgical setting does not establish a
universal mesh effect, and longer-term and external validation is needed to
determine which patients, techniques, and mesh designs are most likely to pro-
vide durable benefit.

Surgical technique standardization deserves renewed attention. If variation
in surgical technique influences denervation and subsequent biomechanical
outcomes, then future studies may need to document and potentially standard-
ize dissection approaches in greater detail, rather than focusing only on mesh
placement. This includes the extent of lateral dissection, strategies for preserv-
ing neural structures, mesh size in relation to the stoma aperture, and stoma
positioning within the rectus muscle.

Stratified approaches may ultimately prove necessary. Rather than seeking
a universal "mesh for all" or "mesh for none" recommendation, future research
might identify subgroups most likely to benefit from prophylactic mesh based
on patient factors (age, BMI, comorbidities), anatomic characteristics, or pre-
dicted surgical complexity.

In summary, advancing the prevention of parastomal hernias requires mov-
ing beyond simple intervention trials toward a more nuanced understanding
of mechanisms, better endpoint selection, longer follow-up durations, and
recognition that one-size-fits-all recommendations may not be achievable.
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Sammanfattning pa svenska

Bakgrund

Tjock- och dndtarmscancer (kolorektalcancer) dr en av de vanligaste cancer-
formerna i Sverige och globalt. Varje ar drabbas ménga patienter, och sjukdo-
men kan leda till bade lidande och dodsfall. Prognosen beror framfor allt pa
hur tidigt cancern upptédcks: om den &r begrinsad till tarmen fran borjan ar
chansen god att behandling med operation, och ibland dven cellgift eller stral-
behandling, kan bota patienten. Om sjukdomen ddremot spridit sig till andra
organ (till exempel levern) dr utsikterna sdamre.

Metoder for att uppticka och bedoma riskerna

For att upptidcka kolorektalcancer och bedéma sjukdomens utbredning an-
vands flera kompletterande metoder. Koloskopi ér central for diagnostiken,
eftersom ldkaren di kan inspektera tarmen med kamera och samtidigt ta bi-
opsier for att bekréfta diagnosen. Bilddiagnostik anvdnds dérefter for att sta-
dieindela sjukdomen och identifiera riskfaktorer: datortomografi (DT) an-
viands framfor allt for att bedoma spridning, medan magnetkamera (MRT)
har en sérskilt viktig roll vid dndtarmscancer for att véirdera lokalt stadium
och relationen mellan tumoren, tarmvéggen och omgivande viavnader. Efter
avslutad behandling f6ljs patienter med regelbundna kontroller, ibland med
kompletterande bilddiagnostik, for att tidigt upptidcka aterfall eller andra
komplikationer.

Tumorspridning och tumoérdepositioner

Vad ar tumordepositioner?

Utanfor tarmvéggen kan tumorceller ibland ses som separata tumordar i meso-
rektalt fett, utan tydlig lymfkortelstruktur eller kdrlvigg och utan kontinuitet
med primirtumoren. Dessa kallas tumordepositioner (tumor deposits). En san-
nolik spridningsvig &r via blodkérl, och tumdrdepositioner kan ses som en del
av ett spektrum av tumorspridning utanfor tarmen, till exempel i blodkarl, vil-
ket ocksa kopplar till risken for fjdrrmetastaser, sirskilt levermetastaser.
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Varfor dr de intressanta?

Riskstratifiering vid rektalcancer bygger i hog grad pa MRT-fynd for att av-
gora vilka patienter som behdver mer intensiv onkologisk behandling. Om tu-
mordepositioner och annan misstdnkt mesorektal noduldr sjukdom gar att
identifiera tillforlitligt pA MRT och dessutom visar sig vara starka riskmarko-
rer kan det {4 konsekvenser for hur vi véljer behandling och uppf6ljning. Sam-
tidigt &r det &nnu osékert bade hur stor prognostisk vikt olika noduléra fynd
bor ha i forhallande till andra riskfaktorer och hur robust de kan bedémas ra-
diologiskt i dag.

Vad gjorde vi i den hir avhandlingen? (Delarbete I-1I)

Delarbete I: Vi jamforde MRT mot vdvnadsanalysen (PAD) for tumordepo-
sitioner och testade hur vél tumordepositioner kan upptickas och sérskiljas
fran lymfkortelmetastaser pa preoperativ rektal-MRT. Designen var fall-kon-
troll, med radiologisk granskning blindad mot PAD. For att gora MRT-PAD-
jamforelsen mer “ren” inkluderades endast patienter utan behandling med
stralning eller cellgifter innan operation.

Delarbete II: Vi studerade 263 opererade rektalcancerpatienter i Vastman-
land och anvénde en strukturerad, lesionsbaserad radiologisk metod med sér-
skilt mjukvarustdd. Noduli klassificerades som misstinkta lymfkortelmetas-
taser, noduli med extranodal extension/tumdrdepositionsliknande utseende
utan tydlig venkontakt, tumordepositionsliknande noduli med venkontakt el-
ler benigna/ospecifika fynd. Darefter kopplades antalet noduli i varje kategori
till cancerfri och total 6verlevnad.

Resultat 1 korthet

I delarbete I var Overensstimmelsen mellan MRT och PAD mycket lag for
tumordepositioner (negativ “kappa”) och kénsligheten pé patientnivé var lag
(cirka 21 %).

Nar vi tittade mer i detalj sag vi att en mycket stor andel tumordepositioner
var smé (<5 mm), och i en analys begréinsad till sddana sma noduli missades
med MRT i praktiken samtliga tumdrdepositioner.

I delarbete II sdgs att antalet strikt misstdnkta lymfkortelmetastaser och an-
talet venkontinuerliga tumordepositionsliknande noduli p4 MRT var kopplade
till simre cancerfri och total 6verlevnad.

Sammantaget innebér resultaten att tumdrdepositioner och annan malign
mesorektal nodular sjukdom kan vara en viktig pusselbit for metastasrisk, men
att dagens kliniska MRT har tydliga begridnsningar for att uppticka och klas-
sificera sma lesioner. Resultaten stodjer darfor ett forsiktigt synsatt: rapportera
missténkt noduldr sjukdom och dess omfattning, men var aterhéllsam med att
ge varje nodul en séker patologisk etikett p& MRT.
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Kirurgi, stomi och parastomalt brack

Kirurgi och stomi

Nir kirurger behandlar kolorektalcancer kan en del av tjocktarmen eller &nd-
tarmen behova tas bort. | vissa fall, sirskilt om tumdren sitter ldngt ned i &nd-
tarmen, maste lakaren skapa en stomi. Det innebér att en 6ppning av tarmen
dras fram genom bukviggen och mynnar pa magen, dir avforingen samlas
upp 1 en stomipdse. Stomin kan vara tillfdllig eller permanent beroende pa
situationen. Detta avgors bland annat av hur mycket tarm som behover tas
bort, hur néra dndtarmsdppningen tumdren sitter och om det gar att sy ihop
tarmen igen pa ett sdkert sitt. Aven patientens allmintillstind, eventuella
komplikationer och behov av for- eller efterbehandling kan paverka om sto-
min kan ldggas tillbaka senare eller behdver bli kvar permanent.

Parastomalt brack — vad ar det?

Ett parastomalt brack uppstar runt stomin nér tarm eller fett buktar ut genom
bukvéggen vid stomihélet. Det kan ge obehag, problem med stomiplatta/pése
och i sillsynta fall inkldmning som kréaver akut &tgird.

Profylaktiskt niit

Ett forslag for att minska risken for parastomalt bréck ér att ldgga in ett fore-
byggande nét vid stomianldggningen for att forstiarka bukviaggen. Europeiska
riktlinjer rekommenderar detta med viss forsiktighet, tydligast hos patienter
med hog brackrisk, men resultaten fran studier ar fortfarande inte entydiga och
kan bero pd bade patienturval och exakt operationsteknik. I avhandlingens
material sdg vi ingen tydlig, séker skyddseffekt av profylaktiskt nét, vilket
talar for att nyttan sannolikt padverkas av sammanhang, teknik och eventuella
effekter pa bukvéggen. Nyare studier med sérskilda tredimensionella nit ar
lovande, men behover tolkas som en annan teknisk 16sning dn de ndtmetoder
som studerades i delarbete III-IV.

Muskelforiandringar och riskfaktorer

Efter stomi kan man ibland se atrofi av raka bukmuskeln (rectus abdominis)
pa stomasidan. I delarbete III sags detta i praktiken néstan bara hos patienter
som fatt profylaktiskt nét. I den studien verkade atrofin vara kopplad till lagre
brackrisk, men i delarbete I'V sags inte samma skyddande samband. Detta talar
for hypotesen att operationsteknik och dissektion kan spela roll for bukvég-
gens langsiktiga funktion, men sambandet mellan atrofi och brackrisk &r inte
sakerstallt.

Andra faktorer som ofta lyfts i sammanhanget som relevanta for risken att
utveckla brack ar patientens &lder, bukvéggens forutséttningar och stomihalets
storlek.
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Sammanfattning och framtida utsikter

Forskningen kring tjock- och dndtarmscancer har gett oss mycket béttre resul-
tat &n fOr bara nagra decennier sedan, och manga patienter lever i dag linge
eller botas helt. Samtidigt behover vi battre sétt att identifiera vilka rektalcan-
cerpatienter som loper storst risk for fjarrmetastaser och aterfall. Tumdrdepo-
sitioner och annan mesorektal nodulér sjukdom kan vara en viktig pusselbit.
Viéra resultat visar dels att manga patologiska tumordepositioner d&r smé och
svara att uppticka och klassificera med dagens MRT, dels att den kvantitativa
bordan av tydligt misstinkta noduli p& MRT kan ha prognostisk betydelse.
Detta gor att metoden behdver anvindas med bade ambition och forsiktighet:
den kan ge viktig riskinformation, men grinsen mellan lymfkdrtelmetastas,
extranodal extension och tumordeposition &r inte alltid séker radiologiskt.

Parallellt ar det viktigt att behandlingen ocksa ger god livskvalitet. Parasto-
malt brack &r en vanlig och ibland besviarande komplikation efter permanent
stomi. Véar forskning stddjer att det inte finns nadgon enkel “en metod for alla”,
och att teknikdetaljer kan ha stor betydelse for utfallet, bdde vad géller profy-
laktiskt ndt och bukviggens funktion over tid.
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