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OPEN A nomogram for predicting cancer-

specific survival in patients with
rectal mucinous adenocarcinoma
following surgery
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Jianhong Hao'™*

Nomograms for predicting survival are well-established for colorectal adenocarcinoma but are less
common for rectal mucinous adenocarcinoma (MAC). This study leverages Surveillance, Epidemiology,
and End Results (SEER) database to develop a prognostic nomogram for rectal MAC, enhancing
survival prediction and clinical decision-making. Data from the SEER (2004-2017) were analyzed,
focusing on surgically treated rectal MAC patients. The study excluded cases with inadequate follow-
up or incomplete data. Demographic and pathological variables, along with treatment modalities
(radiotherapy and chemotherapy), were examined. A nomogram was developed to predict 1-, 3-,
and 5-year cancer-specific survival (CSS), and its accuracy was validated using receiver operating
characteristic (ROC) curves, calibration, and decision curve analysis (DCA). The study included 690
patients, segmented into training (483) and validation (207) cohorts. Significant factors affecting
survival included age and cancer stage. The resulting nomogram, incorporating age and TNM stages,
demonstrated a concordance index of 0.722 and was further validated through ROC analysis,
calibration, and DCA, showing robust predictive performance and clinical utility. Age and TNM
staging are critical predictors of CSS in rectal MAC patients post-surgery. The developed nomogram,
utilizing these factors, offers improved prognostic accuracy and is a valuable tool for clinical practice,
facilitating more informed treatment decisions.
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Colorectal cancer (CRC) ranks third in incidence and second in mortality among all cancer types. In 2022, it
was estimated that there were more than 1.9 million new cases and 904,000 deaths attributable to this disease,
accounting for nearly one-tenth of both global cancer diagnoses and fatalities'. The majority of CRC cases are
classified as adenocarcinomas (AC). Mucinous carcinoma, a distinct subtype, constitutes 10-15% of CRC cases.
Studies have shown that mucinous carcinoma is associated with a poorer response to treatment compared to
AC%

Nitsche et al.® conducted an analysis of 28,056 patients diagnosed with CRC, specifically examining
subtypes including AC, mucinous adenocarcinoma (MAC), and signet-ring cell carcinomas (SC). Their study
demonstrated that AC were the most prevalent subtype, occurring in 89.7% of patients, followed by MAC at
9.7%, and SC at 0.6%. The findings indicated that MAC and SC were associated with higher tumor (T), node
(N), and metastasis (M) categories, more frequent lymphatic invasion, and poorer grading compared to AC.
Furthermore, significant disparities were noted in the 10-year cumulative incidences of locoregional and distant
recurrences among the subtypes. Survival rates also varied, with the 5-year overall survival (OS) being 59% for
AC, 52% for MAC, and notably lower at 40% for SC. Zhang et al.* analyzed 620 patients with locally advanced
rectal cancer who underwent neoadjuvant treatment. Within this cohort, 8.5% of the patients were diagnosed
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with MAC. They observed a pathological complete response rate of 7.5% in MAC patients versus 22.0% in AC
patients. Similarly, tumor downstaging rates were 20.8% for MAC compared to 48.7% for AC. Furthermore,
the study reported 3-year disease-free survival (DFS) rates of 58.4% for the MAC group versus 77.6% for the
AC group. Additionally, the 3-year locoregional recurrence rates were significantly higher in the MAC group at
26.0%, compared to 5.7% in the AC group.

Although the literature includes nomograms for MAC of CRC?, such tools are scarce for rectal cancers,
especially regarding post-surgical prognosis. In this retrospective analysis, we examined the demographic
and pathological characteristics of rectal cancer patients with MAC types using data from the Surveillance,
Epidemiology, and End Results (SEER) database. Our objective was to identify predictive factors associated
with survival and to develop a nomogram based on these factors for predicting 1-, 3-, and 5-year cancer-specific
survival (CSS) after surgery. The creation of this nomogram aims to enhance the prediction of patient survival
and to serve as a reference for clinical decision-making.

Materials and methods

Data source and patient selection

Data for this study were obtained from the SEER database (version 8.4.3), covering a cohort from 2004 to
2017. Inclusion criteria were limited to patients diagnosed with MAC of the rectum who underwent surgical
treatment, as surgical intervention provides comprehensive pathologic reports essential for detailed analyses.
Exclusion criteria encompassed patients with less than one month of follow-up, unknown survival status, age
under 20, unclear histological grade, and indeterminate TNM staging, including those classified as stage Tis,
thus ensuring clarity and completeness of the data for robust analysis.

Variables

The study focused on a set of demographics and pathological characteristics including gender; race categorized
as white and others; age groups (<65, 65-74, 275). Pathologic details captured post-surgery included the grade
of the tumor (well differentiated, moderately differentiated, poorly differentiated, and undifferentiated) and the
American Joint Committee on Cancer (AJCC) stage, determined using the TNM classification in accordance
with the 7th edition of the AJCC Cancer Staging Manual. Treatment modalities, specifically radiotherapy and
chemotherapy, were also documented for their roles in patient outcomes.

Statistical analysis

Statistical analyses were performed using R software, version 4.3.2. The Kaplan-Meier method was employed
to estimate CSS rates at 1, 3, and 5 years after surgical treatment. Patients were randomly split into a training
cohort and a validation cohort at a 7:3 ratio. A univariate Cox proportional hazards model was applied to
identify significant prognostic factors (p<0.05) in the training cohort, which were then assessed through a
multivariate Cox analysis to elucidate independent predictors of survival. The performance of prognostic factors
was quantified using the concordance index (C-index); a C-index exceeding 0.70 indicated the feasibility of
constructing a nomogram based on these factors. The nomogram was developed to predict CSS at 1, 3, and
5 years.

The reliability of the nomogram was initially validated within the training cohort and subsequently tested
in the validation cohort. Validation techniques included the use of receiver operating characteristics (ROC)
to assess the discriminative ability of the nomogram. The rationale behind employing ROC analysis lies in its
effectiveness in evaluating the sensitivity and specificity of the predicted probabilities against actual outcomes.
Calibration, which measures the agreement between observed outcomes and predictions, was used to ensure
the accuracy of the nomogram. Lastly, decision curve analysis (DCA) was applied to determine the clinical
usefulness of the nomogram by evaluating the net benefits at various threshold probabilities, providing insights
into the practical impact of adopting the nomogram in clinical settings.

Ethics approval and consent to participate

The patient data in the SEER database are de-identified and anonymized; therefore, ethical consent was not
required for the use of this information. The procedures were meticulously conducted in full compliance with
relevant guidelines and regulations. Research involving human participants or human data was performed in
accordance with the ethical principles established in the “Declaration of Helsinki”.

Results

The flowchart of the patients’ selection was listed in the Fig. 1. A total of 690 patients were enrolled. Overall,
the 1-, 3-, and 5-year CSS rates were 92.5%, 73.4%, and 62.2%, respectively. Further stratified analysis revealed
5-year CSS rates of 82.5% for stage I, 74.9% for stage II, 63.0% for stage III, and 22.8% for stage IV. Table 1
provides baseline characteristics of patients distributed into two cohorts, a training cohort with 483 participants
and a validation cohort with 207 participants, from a study on rectal MAC. The demographic and clinical
data are detailed for both cohorts, facilitating comparisons and evaluations of homogeneity across groups.
Sex distribution shows a slight majority of males in both cohorts, with 61.5% in the training and 63.8% in the
validation groups, indicating a balanced representation. Racial composition is predominantly white in both
cohorts, comprising 84.5% in the training and 79.7% in the validation group, with the remainder classified as
“other” races. Age is segmented into three categories: below 65, between 65 and 74, and 75 or older. The training
cohort and the validation cohort display similar age distributions, ensuring that age-related variables impact
both groups equally in subsequent analyses. Tumor grade, a critical clinical variable, shows a major proportion
of patients classified as moderately differentiated (64.4% in the training and 61.4% in the validation cohorts),
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Fig. 1. Flowchart of patients’ selection.

followed by poorly differentiated, well differentiated, and undifferentiated. The cancer stage, categorized
according to the AJCC system from I to IV, illustrates that most patients are in stage III, followed by stages
I1, I, and IV, respectively, across both cohorts. The detailed TNM classification corroborates the staging with
proportions maintaining consistency between cohorts. Treatments administered include radiotherapy and
chemotherapy, with the majority of patients receiving both therapies across the groups. Statistical significance
tests (p-values) across all variables show no significant differences between the cohorts, indicating that the two
groups are statistically comparable, which is vital for validating study findings reliably.

Table 2 presents the results of both univariate and multivariate analyses of CSS among the training cohort,
detailing the impact of various demographic and pathological factors on survival outcomes. The univariate
analysis served as the initial screening to identify potential predictors. Age (specifically patients aged>75),
stage III, stage IV, and TNM classifications T4 and N2, as well as M1 (metastatic disease), showed significant
associations with poorer survival outcomes, indicating a higher risk compared to their reference groups. In the
multivariate Cox regression analysis, factors adjusted for each other to discern the independent effect of each
variable on survival. As the stage is derived directly from the TNM classification, we acknowledge the potential
issue of collinearity if both variables are included simultaneously in the analyses. To address this, we exclude
stage in the multivariable analyses. Including the TNM classification allows us to assess the specific prognostic
impact of each component, which is not possible when only the stage is analyzed. Patients aged 75 or older had
a hazard ratio (HR) of 2.55, indicating a significantly higher risk of mortality compared to younger age groups.
Stage IV cancer was identified with a HR of 7.59, highlighting a considerably elevated risk of cancer-specific
mortality. In the TNM classifications, T4, N2, and M1 were significant predictors of survival, with T4 exhibiting
a HR of 5.98, which underlines its crucial impact on survival. Similarly, N2 and M1 were strongly linked to
poorer outcomes, with HRs of 2.58 and 3.36, respectively. The selection of these factors such as age, T, N, and M
stages for the nomogram was based on their statistically significant and clinically relevant impacts on survival,
as demonstrated through rigorous multivariate analysis.

We developed a nomogram using age, T, N, and M stages (Fig. 2), which achieved a C-index of 0.722,
indicating a good fit and suitability for development. The ROC curves for this nomogram’s prognosis prediction
are presented in Fig. 3. The areas under the curve for the 1-, 3-, and 5-year CSS rates were 0.822, 0.765, and 0.770
in the training cohort, and 0.702, 0.683, and 0.763 in the validation cohort, respectively. In Fig. 4, the calibration
plots compare the actual CSS outcomes with the probabilities predicted by the nomogram, providing a visual
representation of the good agreement between the nomogram’s predictions and the observed outcomes in both
the training and validation cohorts. In Fig. 5, we have depicted DCA curves to evaluate the clinical utility of the
nomogram by quantifying its net benefits. The DCA curves demonstrate that using the nomogram to predict
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Training cohort | Validation cohort
(n=483) (n=207)
Variables Number (%) Number (%) P
Sex
Male 297 (61.5%) 132 (63.8%) 0.5719
Female 186 (38.5%) 75 (36.2%)
Race
White 408 (84.5%) 165 (79.7%) 0.1266
Others 75 (15.5%) 42 (20.3%)
Age
<65 183 (37.9%) 74 (35.7%) 0.7912
65-74 178 (36.9%) 76 (36.7%)
=75 122 (25.3%) 57 (27.5%)
Grade
Well 44 (9.1%) 17 (8.2%) 0.738
Moderately 311 (64.4%) 127 (61.4%)
Poorly 108 (22.4%) 52 (25.1%)
Undifferentiated | 20 (4.1%) 11 (5.3%)
Stage
i 73 (15.1%) 29 (14.0%) 0.6292
II 120 (24.8%) 44 (21.3%)
111 236 (48.9%) 112 (54.1%)
v 54 (11.2%) 22 (10.6%)
T
1 34 (7.0%) 11 (5.3%) 0.7517
2 71 (14.7%) 28 (13.5%)
3 313 (64.8%) 142 (68.6%)
4 65 (13.5%) 26 (12.6%)
N
0 203 (42.0%) 77 (37.2%) 0.4650
1 156 (32.3%) 70 (33.8%)
2 124 (25.7%) 60 (29.0%)
M
0 429 (88.8%) 185 (89.4%) 0.8319
1 54 (11.2%) 22 (10.6%)
Radiotherapy
No 158 (32.7%) 64 (30.9%) 0.6438
Yes 325 (67.3%) 143 (69.1%)
Chemotherapy
No 128 (26.5%) 47 (22.7%) 0.2936
Yes 355 (73.5%) 160 (77.3%)

Table 1. Baseline characteristics of the training and validation cohorts.

1-, 3-, and 5-year CSS probabilities offers greater clinical net benefits compared to the treat-all or treat-none
strategies. These results illustrate that our prognostic model possesses substantial clinical application value,
affirming its potential utility in informed clinical decision-making.

Discussion

Presently, there is a scarcity of nomograms designed for predicting outcomes after surgery for rectal MAC. To
bridge this gap, we identified risk factors and constructed a nomogram to predict CSS. This nomogram has
demonstrated substantial reliability in its prognostic predictions.

Al-Abed et al.® conducted a retrospective study involving 374 patients who underwent radical rectal surgery
over a ten-year follow-up. They reported significantly lower OS in elderly patients, with 1-year survival rates of
91.3% for patients under 50 and 75.5% for those over 80. The 5-year survival rates showed a similar trend, with
87.0% for patients under 50 compared to 57.1% for those over 80. The hazard ratio for patients aged over 80
compared to those under 50 was 4.79, indicating a significantly higher risk of mortality. Gefen et al.” also found
significant age-related difference in outcomes of CRC post-surgery. Their study categorized patients into three
age groups and highlighted that the very old (>80 years) experienced higher 30-day (5.9% vs 1.3% vs 0.3%) and
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Univariable Multivariable
Variables HR (95% CI, p) HR (95% CI, p)
Sex
Male Reference
Female 0.91 (0.69-1.21, p=0.522)
Race
White Reference
Others 1.01 (0.69-1.46, p=0.974)
Age
<65 Reference Reference
65-74 0.93 (0.67-1.29, p=0.679) 1.03 (0.74-1.43, p=0.860)
>75 1.66 (1.18-2.33, p=0.004) | 2.55(1.78-3.66, p<0.001)
Grade
Well Reference
Moderately 0.72 (0.46-1.13, p=0.155)
Poorly 1.02 (0.62-1.68, p=0.940)
Undifferentiated 1.14 (0.54-2.40, p=0.737)
Stage
I Reference
11 1.53 (0.86-2.73, p=0.148)
11 2.18 (1.28-3.69, p=0.004)
v 7.59 (4.30-13.40, p<0.001)
T
1 Reference Reference
2 2.22(0.84-5.85, p=0.108) | 1.84(0.69-4.91, p=0.223)
3 3.15(1.29-7.71, p=0.012) | 2.41(0.97-5.95, p=0.057)
4 8.71 (3.46-21.91, p<0.001) | 5.98 (2.35-15.23, p<0.001)
N
0 Reference Reference
1 1.42 (1.00-2.01, p=0.048) 1.36 (0.95-1.94, p=0.090)
2 2.81(2.02-3.91, p<0.001) |2.58 (1.82-3.65, p<0.001)
M
0 Reference Reference
1 4.28 (3.08-5.93, p<0.001) | 3.36(2.35-4.79, p<0.001)
Radiotherapy
No Reference
Yes 1.14 (0.84-1.54, p=0.410)
Chemotherapy
No Reference
Yes 1.26 (0.90-1.77, p=0.181)

Table 2. Univariate and multivariate analyses of cancer-specific survival in the training cohort.

90-day (10.3% vs 2.6% vs 0.7%) mortality rates post-rectal cancer surgery compared to the middle-aged (50-
79 years) and young (<50 years) groups. Our own research corroborates these findings, showing that patients
older than 75 with MAC have notably poorer CSS rates.

However, Pilleron et al.® examined the influence of histology and disease stage on age-specific one-year
relative survival ratios (RS) for CRC. Their findings indicated that differences in RS among various histologies—
specifically AC, MAC, and SC—ranged from 7.4 to 10.6 percentage points. Notably, these differences escalated
dramatically to 42 percentage points for patients categorized under unknown or other histologies, which
represented less than 6% of cases. The study posited that age-related survival discrepancies were consistent
across all histologies, suggesting that such differences in RS are not predominantly due to age-based variations
in these factors. Regarding disease stage, Pilleron et al. observed that RS differences between individuals aged
50-64 and those aged 75-84 widened with advancing disease stage—from 6 percentage points in localized
disease to 27 percentage points in distant disease. The greatest disparities were noted in cancers of unknown
stage, exceeding 28 percentage points. The researchers inferred that age disparities in stage distribution likely
contribute to these observed differences in survival. They further hypothesized that within these stage groups,
variances in survival rates could be attributed to factors such as frailty and therapeutic approaches. The authors
advocate for the inclusion of frailty and comorbidity assessments in future research to elucidate the age-related
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Fig. 2. Nomogram for predicting 1-year, 3-year, and 5-year cancer-specific survival rates in patients with rectal
cancer after surgery.
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in training cohort and at 1-year (D), 3-year (E), and 5-year (F) in validation cohort: comparison of actual CSS
versus nomogram-predicted probabilities.
disparities in CRC survival, thereby enhancing the precision of prognostic evaluations and potentially guiding
more tailored treatment strategies.
Yoshioka et al.” observed that patients with high-grade colorectal MAC experienced significantly shorter
DEFS and OS compared to those with low-grade MAC. Notably, high-grade cases were associated with a higher
incidence of progressive disease, particularly marked by an elevated prevalence of positive lymph nodes (92.3%
versus 55.5%). The authors advocated for a clinical distinction between low- and high-grade MAC. However,
their study was limited by a small sample size, encompassing only 40 patients with MAC, of which just 13
were diagnosed with the high-grade variant, thereby diminishing the statistical robustness of their findings. In
contrast, Williams et al.!” reported that among patients with stage Il or III CRC, the status of tumor-infiltrating
lymphocytes was a robust independent predictor of DFS for mucinous tumors and proved to be a more effective
prognostic indicator than histological grade. These findings suggest a limited influence of histological grade on
the prognosis of MAC. Our larger-scale study corroborates the findings of Williams et al., demonstrating that the
impact of histological grade on CSS in patients with MAC of the rectum is negligible.
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Fig. 5. Decision curve analysis of the nomogram for predicting 1-year, 3-year and 5-year cancer-specific
survival in the training (A) and validation cohorts (B): threshold probability (x-axis) and net benefit (y-axis).

Xie et al.!! examined a cohort of 1380 patients diagnosed with CRC, of which 165 were identified as
having the mucinous subtype. Their findings indicated that stage IIT mucinous carcinoma patients exhibited
significantly poorer survival rates compared to those with non-mucinous carcinoma. Moreover, they identified
stage as an independent and significant prognostic factor for mucinous CRC in a multivariate analysis. In a
subsequent study, Sun et al.!? investigated 145 cases of rectal MAC and determined that a positive N stage
significantly predicted early recurrence in these patients. Furthermore, Huang et al.!* analyzed data from 162
patients and found that N2 stage was a significant predictor of local recurrence, while T4 stage substantially
predicted distant metastasis. Consistent with these findings, our own research involving patients with N2 stage
(HR=2.58, p<0.001) or T4 stage (HR=5.98, p<0.001) demonstrated significantly worse survival outcomes. We
propose that stage is a critical factor to consider for CSS in patients with rectal MAC.

Liao et al.!* assessed the necessity of adjuvant radiotherapy for stage III rectal MAC by analyzing data from
the SEER database spanning 2004 to 2015, which included 665 patients. Their findings indicated no significant
differences in OS or CSS between the group treated with chemotherapy alone and the group treated with both
chemotherapy and radiotherapy, even after adjusting for potential confounders through propensity score
matching. The authors concluded that adjuvant radiotherapy did not confer any survival benefit in patients with
rectal MAC. Due to our dataset not distinguishing between pre-operative and post-operative radiotherapy, we are
unable to verify these findings conclusively. Hugen et al.!> examined the efficacy of radiotherapy in 103 patients
with rectal mucinous carcinoma. Their study found that patients who received preoperative radiotherapy did
not demonstrate an improvement in 10-year OS compared to those who did not receive radiotherapy (44.7% vs.
49.4%, p=0.475). Our study concentrated on CSS and similarly found no discernible benefit in CSS attributable
to radiotherapy.

Powers et al.'® asserted that patients with resected stage I1I colon cancer should receive adjuvant chemotherapy
irrespective of histological subtype. In a study encompassing 3,052 cases of colorectal MAC, Hugen et al.'”
demonstrated no significant difference in the effectiveness of chemotherapy between MAC and non-MAC,
suggesting that histological classification should not influence adjuvant treatment recommendations. Vernmark
et al.!® recently investigated the benefits of adjuvant chemotherapy for patients with stage II-IV rectal MAC.
Their findings indicated enhanced OS (HR=0.42) and CSS (HR=0.41) in patients who received adjuvant
chemotherapy compared to those who did not, though their study was limited by a small sample size of 56 patients
with MAC. Liang et al.!? advocate for adjuvant chemotherapy in moderate and high-risk stage II rectal MAC
patients following neoadjuvant chemoradiotherapy, based on observed benefits over stage IT rectal AC patients.
However, they recommend against adjuvant chemotherapy for low-risk patients. In our analysis, approximately
three-fourths of the patients received chemotherapy, but the data did not distinguish between preoperative and
postoperative administration. Thus, the specific benefits of neoadjuvant versus adjuvant chemotherapy warrant
further investigation.

This retrospective study utilizes the SEER database, which presents several limitations inherent in its design.
First, the SEER database lacks information on patients’ underlying diseases, which can significantly influence
prognostic outcomes. Second, there is no available data on patients’ performance status in the database, another
crucial factor affecting patient prognosis. Third, while SEER records whether patients received chemotherapy or
radiotherapy, it does not differentiate between specific protocols, such as the use of neoadjuvant versus adjuvant
treatments, nor does it include information on drug types or radiotherapy techniques (e.g., short-course vs.
long-course radiotherapy). Fourth, metastatic lesions can significantly influence survival outcomes in MAC.
Unfortunately, the SEER database does not provide detailed information on metastatic lesions (e.g. liver or
lung). Fifth, certain common predictors, including lymphatic invasion, venous invasion, perineural invasion,
and resection margin status, which are known to be important prognostic factors in CRC. Unfortunately, the
SEER database does not include detailed information on these pathological characteristics, which limits our
ability to analyze their impact on CSS in this study. Finally, the database does not include lifestyle factors such
as smoking, which has been proven to be associated with rectal cancer risk?’. Despite these limitations, what
sets this study apart is the development of a clinically validated nomogram, specifically tailored for predicting
1-, 3-, and 5-year CSS in rectal MAC patients. Unlike prior research, which often focused broadly on colorectal
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MAC or did not emphasize post-surgical prognosis, our study provides a specialized tool with robust predictive
accuracy. This nomogram not only offers practical utility for individualized patient counseling and clinical
decision-making but also fills a critical gap in the literature by addressing the paucity of prognostic models
for this rare and aggressive cancer subtype. These results contribute to the growing understanding of rectal
MAC by integrating population-level data from the SEER database and providing a novel, validated tool that
enhances clinical prognostic assessments. Future research should aim to incorporate additional variables such as
comorbidities, lifestyle factors, and detailed treatment protocols to further refine prognostic models and guide
tailored therapeutic strategies for this high-risk patient population.

Conclusion

This study identifies age and TNM stage as significant independent predictors of CSS in patients with MAC of
the rectum undergoing surgical treatment. These findings highlight the critical prognostic impact of advanced
tumor, nodal, and metastatic stages, along with advanced age, in predicting poorer survival outcomes. Notably,
our analysis highlights the unique challenges encountered by patients with rectal MAC, characterized by
significantly poorer survival outcomes.

Data availability
The data analyzed in this study are accessible through the Surveillance, Epidemiology, and End Results (SEER)
program database, available at https://seer.cancer.gov/.
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