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Abstract

Rectal adenocarcinoma with mucinous components is an uncommon type of rectal cancer with 

two distinct histologic subtypes: mucinous adenocarcinoma (MAC), and signet-ring cell 

carcinoma (SRCC). Mucin can also be identified as pattern of response after neoadjuvant 

treatment. On imaging modalities, mucin typically demonstrates high signal intensity on T2-

weighted images, low attenuation on computed tomography, and may be negative on 18-

fluorodeoxyglucose positron emission tomography. After neoadjuvant CRT, cellular and acellular 

mucin share similar imaging features, and differentiating them is currently the main challenge 

faced by radiologists. Radiologists should be aware of pros, cons, and limitations of each imaging 

modality in the primary staging and restaging to avoid misinterpretation of the radiological 

findings.
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1. Introduction

Rectal adenocarcinoma with mucinous components is an uncommon type of rectal cancer 

with two distinct histologic subtypes: mucinous adenocarcinoma (MAC), and signet-ring 
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cell carcinoma (SRCC). Mucin can also be identified as pattern of response after 

neoadjuvant treatment. On imaging, these subtypes of mucin may demonstrate similar 

imaging features. When compared with classical adenocarcinoma, the subtypes MAC and 

SRCC are considered poorly differentiated tumors and are associated with young age, 

advanced tumor stage at presentation, higher rates of metastases, multiple metastatic sites, 

and worse clinical outcome (1–3). These differences are likely due to underlying differences 

in their molecular signature compared with that of classical rectal adenocarcinoma (4). After 

neoadjuvant therapy, acellular mucin may indicate complete response to therapy, but cellular 

mucin does not. However, cellular and acellular mucin share similar imaging features, 

posing a major challenge to radiologists in clinical practice. Considering that, it is 

imperative for radiologists to be familiar with the concepts of mucinous rectal cancer and the 

challenges in its imaging to provide a proper staging. The aim of this study is to provide an 

overview of mucinous rectal cancer with emphasis on its main concepts and imaging 

challenges.

2. General concepts of mucinous rectal cancer

2.1 Mucinous adenocarcinoma

MAC is a histological subtype of rectal adenocarcinoma defined by the World Health 

Organization (WHO) as adenocarcinoma with pools of extracellular mucin in more than 

50% of the tumor (1). Different definitions exist regarding the proportion of mucin in MAC 

(2), and depending on the criteria used to define it, MAC represents 5%–20% of all 

colorectal cancers (5). MAC is associated with a history of inflammatory bowel disease and 

pelvic radiotherapy (6).

MAC demonstrates specific molecular, genetic, and prognostic features distinct from the 

classical non-mucinous adenocarcinoma. The risk of microsatellite instability (MSI) is 

increased in MAC (7); accordingly, MAC is known to respond to checkpoint inhibitors, 

particularly in late stage disease (8). The presence of MSI is associated with hereditary 

cancer, such as Lynch syndrome, suggesting that the oncogenic pathway of MAC is different 

from conventional adenocarcinoma (9). BRAF mutation is frequent in patients with MAC 

and is associated with infiltrative growth pattern. Additionally, MAC is associated with 

increased CpG island methylation phenotype and MUC-2 expression, which may play a role 

in promoting tumor development and therapy resistance (10). On the other hand, MAC is 

associated with a decreased p53 expression and APC mutation (7).

The data regarding the prognosis and outcome of MAC is conflicting. Although some 

studies have demonstrated worse survival compared with non-mucinous adenocarcinoma (2, 

11), others did not show any significant difference (5, 12–14). In terms of treatment, MAC is 

usually associated with a lower response to chemoradiotherapy (CRT) when compared with 

non-mucinous adenocarcinoma (11, 15–17). However, neoadjuvant CRT used in conjunction 

with standard total mesorectal excision for patients with MAC may be beneficial; using this 

approach, patients with MAC and patients with non-mucinous adenocarcinoma have been 

shown to have similar survival outcomes (14).
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2.2 Signet-ring cell carcinoma

SRCC is a subtype of adenocarcinoma with an even poorer outcome than MAC, and is 

defined by WHO as adenocarcinoma with more than 50% of tumor cells with prominent 

intracytoplasmic mucin (1). It is a rare disease with a reported incidence of less than 1% 

(18). Macroscopically, appears as a scirrhous infiltrative tumor similar in appearance to 

linitis plastica (19). Histologically, SRCC is characterized by cells with an abundant mucin 

vacuole that fills the cytoplasm and displaces the nucleus peripherally; these tumor cells 

resemble signet rings, hence its name (1).

SRCC is associated with a worse prognosis than ordinary adenocarcinoma (20). Patients 

with SRCC tend to be diagnosed at younger age, have a more advanced stage at diagnosis, 

and have a higher frequency of lymphovascular and peri-neural invasion than patients with 

ordinary adenocarcinoma (21). Considering the evidence that rectal cancer is increasing in 

patients under 40 years, and that there is a higher incidence of SRCC in this age group, it is 

expected that there will be an increase in incidence in SRCC (22). SRCC also tend to 

demonstrate a submucosal pattern of spread which may result in areas of narrowing with 

normal appearing mucosa seen on colonoscopy. This is a significant challenge as this may 

lead to the diagnosis of a colonic malignancy being missed. In addition, since the mucosa is 

relatively normal, biopsies are frequently negative and a biopsy of the deeper tissues i.e. 

submucosa are required to obtain the correct diagnosis. The radiologist has an important role 

in this situation, as the appearance on cross sectional imaging frequently reflects the 

submucosal and bowel wall abnormality that is not evident on the luminal aspect. This 

collaborative approach enables appropriately directed deep wall biopsies (23, 24).

2.3 Mucin after neoadjuvant therapy

Mucinous (or colloid) degeneration occurs when a non-mucinous tumor becomes mucinous 

after neoadjuvant CRT (25, 26). However, on a histopathological level, the mucin may 

contain residual tumor cells (cellular mucin) or not (acellular mucin). The mechanism and 

clinical relevance of mucin response remains debatable; however, it has been demonstrated 

that this type of response is associated with an intermediate natural history when compared 

to other types of response (25, 27).

Acellular mucin (AM) is histologically defined as pools of mucin without residual or viable 

tumor within the specimen after neoadjuvant CRT. Therefore, it is not used to assign the T 

stage, and if it is located within lymph nodes, it is not considered a positive node (28). 

Several studies have evaluated the clinical significance of acellular mucin in rectal cancer 

after CRT and demonstrated no adverse prognostic impact, including in overall survival, 

disease-free survival, and freedom from relapse (29–33). However, considering the current 

insufficient data as demonstrated by Bhatti et al in a meta-analysis, the management of the 

patients with AM should be individualized and a close follow-up (possibly with a low 

threshold for intervention) should be considered, particularly in situations where there is AM 

on the margins of surgical resection (34) In this setting of uncertainty of the significance of 

mucin pool post treatment, it is important on imaging to describe the complete extent of 

mucin pools on imaging as they are frequently infiltrative, to enable the surgeon to get a R0 

resection.
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3. Imaging evaluation of mucinous rectal cancer

3.1 Conventional imaging modalities

3.1.1 Computed Tomography—MAC frequently show large areas of low attenuation 

(>2/3 of the tumor), heterogeneous enhancement, and intratumoral calcification on 

computed tomography (CT) when compared to non-mucinous tumors (Figure 1) (35, 36). 

Calcifications can be detected in both pre- and post-CRT settings.

SRCC tends to have more homogenous enhancement, and may demonstrate a “malignant” 

target appearance, with a higher frequency of peritoneal involvement (36). Rectal scirrhous 

tumors, such as SRCC, may demonstrate imaging features similar to inflammatory and 

ischemic diseases, appearing as a long segment of thickening with target appearance (Figure 

2) (37). In inflammatory conditions, the target sign tend to demonstrate a thicker 

hypoattenuating submucosa, while malignancies tend to show thicker and hyperattenuating 

mucosa and serosa (38). Considering that SCRR is frequent in young patients, demonstrates 

imaging features similar to benign conditions, and false negative biopsies can occur due to it 

submucosal spread, negative endoscopic biopsies should be interpreted with caution.

3.1.2 Magnetic Resonance Imaging

Primary Staging: MAC typically shows high signal intensity on T2-weighted images 

(T2WI) due to the presence of mucin pools and it is generally defined as presence of >50% 

of mucin within the tumor (39). High signal intensity is defined as intensity similar to or 

brighter than the mesorectal fat. Atypically but sometimes, the signal intensity of the tumor 

is indistinct from the surrounding fat. In such cases, T2WI with fat suppression and a 

dynamic contrast enhanced (DCE) series are helpful (Figure 3), although it is not routinely 

recommended. If the T2WI with fat suppression if not available, the DWI b0 can be used. 

The European Society of Gastrointestinal and Abdominal Radiology suggested in their 

consensus paper that DCE may be useful to evaluate the conspicuity of mucinous tumors in 

some cases (40). Despite the fact that mucinous tumors demonstrate less enhancement 

compared with non-mucinous tumors, the cellular portion may demonstrate heterogeneous 

enhancement, predominantly in the peripheral area (41). On diffusion weighted imaging 

(DWI), MAC demonstrates lower signal intensity than conventional adenocarcinoma and 

higher signal intensity on the apparent diffusion coefficient (ADC) map, owing to its low 

cellular density (Figure 4) (42). Some cases of MAC may also demonstrate a dark rim on 

T2WI surrounding the tumor similar to the muscularis propria and sphincter complex. In 

such cases, using the contour of the tumor may be helpful for proper staging (Figure 5).

The accuracy of magnetic resonance imaging (MRI) to detect MAC has been shown to be up 

to 97% (43). On the other hand, endoscopic biopsy obtains only a superficial part of the 

tumor and might not contain a representative amount of mucin, leading to a misclassification 

in some cases (44). MRI has a lower rate of false negatives in detecting MAC than biopsies 

(39), and the inter-reader agreement in assessing mucin on MRI is considerable (43). The 

presence of mucin on MRI is a prognostic marker. On preoperative MRI, mucin has been 

demonstrated to be an independent biomarker for poor prognosis and worse response to 

neoadjuvant therapy (39, 45, 46). Miyakita et al. showed in their study that mucin pools on 
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MRI on the baseline scan was associated with large tumors and poor response to 

neoadjuvant CRT (46). The possible causes of false positive mucin content on MRI are 

edema, congestion, abscess or necrosis. False positives are particularly relevant in the post-

treatment context because the normal rectal wall after CRT may demonstrate submucosal 

edema (47). To avoid this common pitfall, it is extremely important to compare the restaging 

MRI with the baseline MRI to detect where the tumor was localized before the treatment. 

Mucinous metastatic lymph nodes, tumor deposits, and extramural vascular invasion 

demonstrate the same imaging features as that of the primary mucinous tumor (Figures 3 

and 6).

Regarding SRCC, MRI features are similar to the CT features described above.

In summary, MRI on primary staging can accurately detect mucinous tumor and has high 

inter-reader agreement and higher accuracy than biopsy; additionally, it is also a prognostic 

marker.

Restaging: Currently, MRI is the modality of choice to assess treatment response in patients 

with rectal cancer after CRT; however, there is no consensus in the literature regarding the 

assessment of treatment response in mucinous rectal cancer. Some studies have 

demonstrated that mucinous tumors show minimal change in their volume and very few 

morphologic changes after CRT (48). Nevertheless, it can be due to lack of response to 

treatment or mucin pools without viable tumor cells (acellular mucin) (48, 49).

The assessment of treatment response of mucinous tumors is challenging, given that both 

cellular and acellular mucin show high signal intensity on T2WI, which may be 

homogeneous or heterogeneous (Figures 5–7) (50). DWI and DCE sequences cannot 

differentiate between cellular and acellular mucin. Thus, in general the patient will undergo 

surgery or close imaging follow-up (51). Park et al proposed a TRG system for mucinous 

tumor using T2WI and volumetric analysis based on baseline MRI and restaging MRI. In 

this study, mucin was defined as tumor components with high signal intensity on T2WI, soft 

tissue (viable tumor) was areas of intermediate T2WI signal intensity, and fibrosis was 

regions of low signal intensity on T2WI. The TRG score was defined as follows: TRG 1, no 

identifiable residual lesion; TRG 2, no residual soft tissue, only pure mucin and/or fibrosis; 

TRG 3, good response of soft tissue; TRG 4, all tumors that do not meet criteria do TRG 1–

3; and TRG 5 no response or progression. In their population, the majority of patients 

categorized as responders (TRG 1 or 2) were responsive on pathology. However, the 

interobserver agreement in the assessment of MRI TRG was moderate (49).

In this scenario, cases of mucinous tumor after CRT should be discussed individually 

considering its rarity and the lack of data in the literature (Figure 8) (50).

Mucinous tumor in chronic perianal fistula: Chronic perianal fistula may be complicated 

by malignancies including mucinous carcinoma. Considering that mucinous tumors 

demonstrates imaging features similar to fistulas and abscesses, i.e., high signal intensity on 

T2WI and peripheral enhancement, an early diagnosis of malignancy is challenging. 

Radiologists should suspect mucinous tumors in cases of heterogeneous internal mesh-like 
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enhancement, very high signal intensity on T2WI, and mass effect (Figure 4) (52). 

Nevertheless, in cases of doubt, biopsy should be performed.

3.1.3 Positron Emission Tomography (PET)—Mucinous tumors have been shown to 

demonstrate low 18-fluorodeoxyglucose (FDG) uptake in both PET/CT and PET/MRI. The 

tumor FDG avidity on PET inversely correlates with the overall amount of mucin, which 

may result in false negative cases (Figure 8) (53). Some recent studies found no significant 

differences in metabolic 18-FDG PET parameters between mucinous and non-mucinous 

rectal cancer (54, 55). In our experience, it is not uncommon for the PET to be negative in 

the setting of mucinous tumors, thus a negative PET should be interpreted with caution.

3.2 Imaging challenges and future directions

Currently, the main imaging challenge in the context of mucinous rectal tumor is to provide 

an early diagnosis of SRCC, and to accurately differentiate cellular from acellular mucin, 

particularly in the context of mucin degeneration. Up to now, there is no imaging method 

able to diagnosis complete response after CRT in rectal mucinous tumor. Some advances in 

technology are promising, including radiomics in which quantitative texture analysis may be 

extracted from images and correlated with tumor characteristics that are inaccessible to the 

naked eye. These textural features may allow the assessment of cellularity and perfusion, for 

example (56). The use of radiomics in MRI to evaluate mucinous tumor is promising.

4. Conclusion

Mucinous rectal cancer is a distinct entity with clinical and histopathological characteristics. 

On imaging modalities, mucin typically demonstrates high signal intensity on T2WI, low 

attenuation on CT and may be negative on FDG-PET. MRI has a high diagnostic 

performance for detecting mucinous tumors, higher than presurgical biopsy. After 

neoadjuvant CRT, cellular and acellular mucin share similar imaging features, and 

differentiating them is currently the main challenge faced by radiologists. Radiologists 

should be aware of pros, cons, and limitations of each imaging modality in the primary 

staging and restaging, to avoid misinterpretation of the radiological findings.
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Fig. 1. 
59-year-old man with mucinous adenocarcinoma of the rectum (arrows) causing bowel 

obstruction. (A-B) Computed tomography on admission demonstrates a lesion in the upper 

rectum with heterogeneous enhancement and areas of low attenuation. The lesion causes 

upstream bowel obstruction (asterisks). Sagittal (C) and axial (D) T2WI shows the typical 

high signal intensity of the lesion, which was confirmed on fat-suppressed T2WI (E). 

Contrast-enhanced T1WI demonstrates heterogeneous enhancement that was more evident 

in the periphery of the tumor and less intense within the central areas of higher mucin 

content.
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Fig. 2. 
(A) 42-year-old man with signet-ring cell carcinoma in the high rectum and sigmoid colon. 

Non-contrast enhanced computed tomography demonstrates a long segment of 

homogeneous thickening involving the upper rectum and sigmoid colon (arrows), with foci 

of calcifications (arrowhead). (B) 45-year-old woman with signet-ring cell carcinoma in the 

rectum. Contrast-enhanced computed tomography shows thickening of the rectum with 

target appearance (dashed arrow).
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Fig. 3. 
75-year-old woman with mucinous tumor in the lower rectum. Axial T2WI without fat 

suppression (A,C) and with fat suppression (B,D) demonstrate the lower rectal tumor with 

high signal intensity (arrows) infiltrating the sphincter complex (arrowhead) and a tumor 

deposit close to the mesorectal fascia (dashed arrows). Note that the sequence T2WI with fat 

suppression demonstrates mucin content with more conspicuity.
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Fig. 4. 
44-year-old man with Crohn’s disease and perianal fistula who had mucinous rectal 

adenocarcinoma. 18-FDG PET/MRI on primary staging demonstrates a tumor in the lower 

rectum (arrow) with predominantly high signal intensity on T2WI (A). There is infiltration 

of the right internal and external sphincters (arrow). On DWI (B) and ADC map (C) there is 

a focal area with diffusion restriction on the left which has low signal intensity on T2WI and 

is avid on FDG-PET (D, dashed arrows), suggesting a more cellular component within the 

mucin pool. (E) PET/MRI fusion demonstrates that correlation. At 2 o’clock, an 

intersphincteric fistula with hyper metabolism is also demonstrated (arrowheads).
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Fig. 5. 
62-year-old woman with mucinous adenocarcinoma of the lower rectum without complete 

response after chemoradiotherapy on surgical specimen - cellular mucin. (A) Primary 

staging MRI demonstrates on T2WI the tumor with high signal intensity surrounded by a 

dark rim, which infiltrates the sphincter complex (arrows). (B) Restaging MRI demonstrates 

slight reduction in the size of the tumor with similar heterogeneous mucin content (dashed 

arrow). The patient underwent surgery and residual tumor was detected (cellular mucin).
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Fig. 6. 
56-year-old man with mucinous rectal adenocarcinoma. Axial (A), sagittal (B) and coronal 

(C) T2WI demonstrate the tumor in the upper rectum with high signal intensity (arrows) and 

a positive mesorectal lymph node (dashed arrow), which also demonstrates high signal 

intensity on T2WI due to mucin content.
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Fig. 7. 
54-year-old man with mucinous adenocarcinoma of the lower rectum with complete 

response after chemoradiotherapy on surgical specimen - acellular mucin. (A) Primary 

staging MRI demonstrates on T2WI the tumor with high signal intensity infiltrating (arrow). 

(B) Restaging MRI demonstrates no significant change in the tumor, which maintains a 

heterogeneous mucin content (dashed arrow). The patient underwent surgery and no residual 

tumor was detected (acellular mucin) and he was classified as having complete pathological 

response.
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Fig. 8. 
Two patients with mucinous degeneration post chemoradiotherapy, one with cellular (A,B) 

and the other with acellular mucin (C,D) detected on surgical specimen. (A,B) 49-year-old 

man with non-mucinous tumor on primary staging MRI (A, arrow). On restaging MRI after 

chemoradiotherapy, the tumor demonstrated a significant reduction in size and mucin was 

detected on the tumor bed (B, dashed arrow); however, on histopathological evaluation 

cellular mucin was detected. (C,D) 67-year-old man with non-mucinous tumor on initial 

MRI (C, arrow). Restaging MRI did not show a significant reduction in tumor size, but there 

was mucinous degeneration of the tumor and a heterogeneous mucin content was 

demonstrated within the treated area (D, dashed arrow). After surgery, no tumor was 

detected and the mucin content was acellular.
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