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Background: Conditional survival (CS) considers the time already survived after surgery and may provide additional survival
information. The authors sought to construct and validate novel conditional survival nomograms for the prediction of conditional
overall survival (OS) and cancer-specific survival (CSS) of colorectal signet-ring cell carcinoma (SRCC) patients.
Methods: Patients diagnosed with stage I–III SRCC between 2010 and 2019 were identified from the Surveillance, Epidemiology,
and End Results database. The formula calculating CS was: CS(x|y) = S(x+ y)/S(x), where S(x) represents the survival at x years. CS
nomograms were then constructed to predict the 5-year conditional OS and CSS, followed by internal validation.
Results: A total of 944 colorectal SRCC patients were finally identified in this study. The 5-year OS and CSS improved gradually with
additional survival time. Univariate andmultivariate Cox regression analysis conducted in training set revealed that age, race, T stage,
LNR, and perineural invasion were independent risk factors for both OS and CSS. Two nomograms with considerable predictive
ability were successfully constructed [area under the curve (AUC) for OS: 0.788; AUC for CSS: 0.847] and validated (AUC for OS:
0.773; AUC for CSS: 0.799) for the prediction of 5-year OS and CSS, based on the duration of 1–4 years post-surgery survival.
Conclusions: The probability of achieving 5-year OS and 5-year CSS in colorectal SRCC patients improved gradually with
additional time. Conditional nomograms considering survival time will be more reliable and informative for risk stratification and
postoperative follow-up.
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Introduction

Colorectal signet-ring cell carcinoma (SRCC) is a rare type of
adenocarcinoma (AC) and only accounts for ~1% of colorectal
cancer[1–3]. Compared with other common adenocarcinoma,
SRCC patients are characterized by extremely shorter relapse-
free survival, lower response to chemotherapy and poorer
prognosis[4–6]. Consequently, more prognostic factors and reli-
able predictive models should be identified to facilitate risk eva-
luation for SRCC patients.

With the identification of additional prognostic factors such as
lymph node ratio (LNR), primary tumour location and perineural
invasion (PI) status, prognostic nomograms incorporating all
independent factors have been developed to enhance survival
prediction for colorectal SRCC[7–9]. However, apart from the
aforementioned prognostic clinicopathological factors, the sur-
vived time after surgery is another overlooked factor influencing
prognosis, and the risk of death changes with time after surgery.
Conventional survival analysis is based on calculations from the
day of diagnosis or surgery. Conditional survival (CS) represents
the probability of surviving for additional years after already
surviving for certain years. CS assessments provide important
quantitative information about the probability of survival over
time and should be regarded as a more precise tool for prognosis
analysis[10–12].

To date, no previous studies have attempted to develop
nomograms to predict the CS of colorectal SRCC patients. In this
present study, we first sought to define CS among patients with
colorectal SRCC, and then to construct and validate nomograms
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• For the first time, we developed novel conditional survival
nomograms with high predictive accuracy in signet-ring
cell carcinoma (SRCC) patients.

• The probability of achieving 5-year overall survival (OS)
and 5-year cancer-specific survival (CSS) in colorectal
SRCC patients improved gradually with additional time.

• Conditional nomograms considering survival time will be
more reliable and informative for individualizing risk
stratification and postoperative follow-up.
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for predicting the conditional probability of survival based on the
Surveillance, Epidemiology and End Results (SEER) database.

Patients and methods

Patients’ selection

The SEER database of National Cancer Institute is a public source
for researchers that collects demographic, diagnostic, therapeutic,
and prognostic information of patients from 18 cancer registries,
approximately covering one-third of the total population in the
United States. Patients pathologically diagnosed with colorectal
SRCC were extracted from SEER database between 2010 and
2019 in our study. Clinicopathological features, overall survival
(OS) and cancer-specific survival (CSS) were collected. Patients who
met the following criteria were included: (a) pathologically diag-
nosed colorectal SRCC; (b) AJCC TNM stage I–III; (c) colorectal
SRCC was the only primary tumour; (d) patients with complete
follow-up information. Patients with incomplete records of follow-
up information were excluded.

Statistical analysis

Metric variables are displayed as median with interquartile range
(IQR), while categorical variables are presented as frequency with
percentage. Independent predictors associated with survival were
identified using the multivariate Cox proportional hazards models.
CS analysis was used to depict the exactly survival for patients who
have survived for specific years. CS was calculated in the formula:
CS(x|y) = S(x+y)/S(x), which means CS for y years among patients
who have already survived for x years from the date of diagnosis[13].
CS nomograms were fitted to estimate 5-year conditional OS and
CSS of SRCC patients based on independent variables selected by
multivariate Cox regression analysis. Survival receiver operating
curves (ROC) and area under the curve (AUC) were used to eval-
uate the discrimination of nomograms. Analysis was carried out
using R version 3.4.1. All analyses were two-sided, and results of P
less than 0.05 were considered statistically significant. This study
has been reported in line with the STROCSS criteria[14].

Results

Demographic and clinicopathological characteristics

A total of 944 SRCC patients were finally included in this study.
Themean age of all patients was 66.5, with IQR of 57–80. 50.4%
of patients were female, and most patients were white people
(n = 782, 82.8%). Only 6.8% (n = 64) were categorized into I/II
in histological grade, and the majority of patients were poor
differentiation or undifferentiation. 30.8% of patients showed
elevated CEA level, and 23.5% had PI. The basic clin-
icopathological features of patients are shown in Table 1.

Estimation of conditional overall survival and cancer-specific
survival

The 5-year OS and CSS of SRCC patients identified in this study
were 42% and 52%, respectively. The non-cancer-caused death
accounted for about 10%. The conditional probability of OS and
CSS were shown in Table 2, and the conditional survival curves in
Fig. 1. The condition probability of OS and CSS increased with
each additional year survived, and the more years patients had

Table 1
Baseline features of colorectal signet-ring cell carcinoma in SEER
database

N (%)

Age (IQR) 66.5 (57–80)
Sex
Female 477 (50.5)
Male 467 (49.5)

Race
White 782 (82.8)
Black 80 (8.5)
Other 82 (8.7)

Site
Right 300 (31.8)
Left 517 (54.8)
Trans 127 (13.5)

Grade
I/II 112 (11.9)
III 640 (67.8)
IV 192 (20.3)

T stage
T1 45 (4.8)
T2 67 (7.1)
T3 500 (53.0)
T4 324 (34.3)

N stage
N0 318 (33.7)
N1 209 (22.1)
N2 417 (44.2)

LNR (IQR) 0.272 (0.0–0.475)
CEA
No 289 (30.6)
Yes 291 (30.8)
Unknown 364 (38.6)

PI
No 722 (76.5)
Yes 222 (23.5)

IQR, interquartile range; LNR, lymph node ratio; PI, perineural invasion; SEER, Surveillance,
Epidemiology and End Results.

Table 2
Conditional overall and cancer-specific survival estimates

Overall survival for patients surviving

OS (year) Actuarial survival 1 2 3 4 5

1 0.76
2 0.59 0.78
3 0.51 0.66 0.85
4 0.46 0.60 0.77 0.91
5 0.42 0.55 0.71 0.83 0.91
6 0.40 0.52 0.67 0.78 0.86 0.94

Cancer-specific survival for patients surviving
CSS (year) Actuarial survival 1 2 3 4 5
1 0.81
2 0.66 0.82
3 0.58 0.72 0.87
4 0.55 0.68 0.83 0.95
5 0.52 0.65 0.79 0.90 0.95
6 0.51 0.63 0.77 0.87 0.92 0.97

CSS, cancer-specific survival; OS, overall survival.
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already survived, the better the chances of achieving a high rate of
survival. The postoperative 5-yearOS increased from 42% to 55%,
71%, 83% and 91% given 1–4 years survived already, and 5-year
CSS increased from 52% to 65%, 79%, 90% and 95% (Table 2).

Construction of conditional survival nomograms

To construct and validate the CS nomograms, we randomly divided
patients into training and validation sets. Univariate and multi-
variate Cox regression analysis were then performed in the training
set. The basic clinicopathological information of patients in training
and validation sets is shown in Table 3. In the univariate analysis, T
stage, N stage, LNR, grade, CEA status and PI status were risk
factors for both OS and CSS. After balancing all these variables in
multivariable analysis, N stage, grade and CEA status lost their
prognostic value, while T stage, LNR, PI status, age and race were
verified as independent risk factors of OS and CSS (Table 4). Based
on the multivariate analysis, T stage, LNR, PI status, age and race
were included in the nomogram, which predicts the probability of
reaching 5-year conditional OS given 1-4 years survival (Fig. 2A).
The nomogram for 5-year conditional CSS given 1-4 years was
shown in Fig. 2B. For example, for the patients with 170 points, the
5-year OS was only 30%; however, their 5-year conditional OS
increased to 72% given 3 years already survived.

Performance of conditional survival nomograms

Survival ROC analysis was performed in both training and vali-
dation sets to test and validate the prognostic accuracy of developed
nomograms. The result showed that the developed nomograms
exhibited outstanding predictive ability and performed better than
any other clinicopathological features alone in predicting 5-year
conditional OS (nomogram AUC = 0.788, Fig.3A) and 5-year
conditional CSS (nomogram AUC = 0.847, Fig.3B) in the training
set. Consistent with the result in the training set, it was successfully
validated in the validation set, and the 5-year AUC reached 0.773
and 0.799 when predicting OS (Fig.4A) and CSS (Fig.4B).

Discussion

CRC is amajor disease threatening human health and causes a heavy
burden on society in consideration of the high level of incidence and

mortality. Although SRCC is a rare type of CRC, the prognosis of
colorectal SRCC is extremely poor. Similar to the common type of
adenocarcinoma, surgery followed by chemotherapy is still the

Figure 1. Kaplan–Meier estimates of survival after surgery (0 years) and conditional survival according to years already survived after surgery (1–6 years). (A) Overall
survival; (B) Cancer-specific survival.

Table 3
Baseline features of colorectal signet-ring cell carcinoma patients
in training and validation set

Training set Validation set
N (%) N (%)

Age (IQR) 66.6 (57–80) 66.5 (57–80)
Sex
Female 236 (50.0) 241 (51.1)
Male 236 (50.0) 231 (48.9)

Race
White 392 (83.1) 390 (82.6)
Black 43 (9.1) 37 (7.8)
Other 37 (7.8) 45 (9.5)

Site
Left 148 (31.4) 152 (32.2)
Right 262 (55.5) 255 (54.0)
Trans 62 (13.1) 65 (13.8)

Grade
I/II 27 (5.7) 37 (7.8)
III 310 (65.7) 330 (69.9)
IV 110 (23.3) 82 (17.4)

T stage
T1 18 (3.8) 27 (5.8)
T2 32 (6.8) 35 (7.5)
T3 252 (53.8) 248 (53.0)
T4 166 (35.5) 158 (33.8)

N stage
N0 153 (32.4) 165 (35.0)
N1 103 (21.8) 106 (22.5)
N2 216 (45.8) 201 (42.6)

LNR (IQR) 0.274 (0.0–0.440) 0.274 (0.0–0.50)
CEA
NO 155 (32.8) 134 (28.4)
Yes 139 (29.4) 152 (32.2)
Unknown 178 (37.7) 186 (39.4)

PI
NO 356 (75.4) 366 (77.5)
Yes 116 (24.6) 106 (22.5)

IQR, interquartile range; LNR, lymph node ratio; PI, perineural invasion.
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standard treatment for resectable SRCC. However, as reported by
Inamura et al.[15], the prognosis of SRCC is clearly poorer than that
of adenocarcinoma. Therefore, a more tailored approach to risk
assessment and treatment is essential for colorectal SRCC patients.

Conventional survival analysis in clinical research investi-
gates the distribution of patients’ survival time from the date
of diagnosis or the start of treatment. Estimates of survival
based on fixed time points will probably influence the death
rate and can mislead both physician and patients. Thus, it
becomes important to know how the prognosis will change
over time, taking the patient’s current survival time into
account. As the survival time extends, the long-term prognosis
of the patient may correspondingly improve. Estimation of
conditional survival provides a dynamic assessment of long-
term oncological outcomes for patients given periods of time
already survived[16,17]. Conditional survival has been applied
for evaluating patients’ survival with several types of tumours,
such as hepatocellular carcinoma, oesophageal cancer, pan-
creatic cancer[13,18–20].

In this study, we focused on patients with SRCC and demon-
strated that the probability of conditional OS increases with each
additional year survived. Of note, the more years patients had
already survived, the better the chances of achieving a high rate of
survival. The probability of achieving 5-year survival even increased
from 42% directly to 91%, given that it already survived for 4 years.

Univariate andmultivariate Cox regression analysis revealed that
age, race, T stage, LNR and PI were verified as significantly inde-
pendent risk factors of OS and CSS in SRCC patients. Consistent
with our results, previous studies have shown that the advanced T
stage and PI were related to poor survival[21,22]. By graphically
showing the effect of predictors on the outcome, the nomogram
gives a more tangible interpretation of predictors’ impact on the
outcome and is a usable model for clinicians to estimate the survival
rate based on some significant clinicopathologic predictors. The
independent predictors determined in Cox analysis, which are age,
race, T stage, LNR and PI, were included in the nomogram, which
predicts the probability of reaching 5-year OS and 5-year condi-
tional OS given 1, 2 and 3 years.

Table 4
Univariate and multivariate Cox regression analysis for OS and CSS in training set.

OS CSS

Univariate Multivariate Univariate Multivariate

95% CI 95% CI 95% CI 95% CI

Variables HR Lower Upper P HR Lower Upper P HR Lower Upper P HR Lower Upper P

Age 1.012 1.006 1.018 < 0.001 1.023 1.017 1.030 < 0.001 1.001 0.995 1.007 0.826 1.014 1.007 1.021 < 0.001
Sex 0.890 0.322 0.377 0.278
Female 1.000 1.000 1.000 1.000
Male 1.011 0.861 1.188 1.092 0.918 1.298 1.089 0.902 1.314 1.118 0.914 1.368

Race 0.609 0.008 0.966 0.048
White 1.000 1.000 1.000 1.000
Black 1.120 0.844 1.487 1.461 1.090 1.959 1.029 0.730 1.449 1.308 0.920 1.860
Other 0.923 0.688 1.238 0.781 0.571 1.070 0.968 0.693 1.352 0.711 0.498 1.016

Site 0.960 0.427 0.639 0.222
Left 1.000 1.000 1.000 1.000
Right 1.010 0.844 1.208 1.023 0.837 1.249 0.905 0.737 1.113 1.056 0.838 1.331
Trans 0.974 0.748 1.269 1.197 0.900 1.592 0.946 0.699 1.281 1.328 0.957 1.844

Grade 0.006 0.239 0.024 0.701
I/II 1.000 1.000 1.000 1.000
III 1.960 1.294 2.968 1.428 0.937 2.176 1.988 1.214 3.255 1.241 0.751 2.052
IV 1.742 1.180 2.572 1.296 0.874 1.923 1.801 1.132 2.863 1.195 0.746 1.914

T stage < 0.001 < 0.001 < 0.001 < 0.001
T1 1.000 1.000 1.000 1.000
T2 0.909 0.469 1.763 0.684 0.339 1.382 0.457 0.174 1.200 0.358 0.124 1.037
T3 2.229 1.327 3.746 1.316 0.742 2.333 2.229 1.181 4.207 1.223 0.591 2.533
T4 4.233 2.512 7.135 1.873 1.039 3.375 5.047 2.674 9.526 1.859 0.885 3.904

N stage < 0.001 0.620 < 0.001 0.05
N0 1.000 1.000 1.000 1.000
N1 1.653 1.300 2.103 1.124 0.862 1.467 2.385 1.744 3.262 1.540 1.085 2.186
N2 2.753 2.254 3.362 1.024 0.754 1.390 4.584 3.516 5.978 1.453 0.994 2.125

LNR 6.013 4.709 7.678 < 0.001 5.501 3.685 8.211 < 0.001 9.651 7.327 12.713 < 0.001 6.252 4.045 9.665 < 0.001
CEA 0.03 0.953 0.031 0.289
No 1.000 1.000 1.000 1.000
Yes 1.255 1.022 1.540 1.033 0.831 1.283 1.294 1.023 1.637 1.144 0.892 1.467

PI < 0.001 < 0.001 < 0.001 < 0.001
No 1.000 1.000 1.000 1.000
Yes 2.045 1.716 2.438 1.353 1.108 1.651 2.542 2.088 3.096 1.435 1.151 1.789

CSS, cancer-specific survival; HR, hazard ratio; IQR, interquartile range; LNR, lymph node ratio; OS, overall survival; PI, perineural invasion.
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Figure 2. Conditional nomograms for the prediction of the conditional 5-year probability of overall survival (OS) (A) and cancer-specific survival (CSS) (B).

Figure 3. Survival receiver operating curve (ROC) curves of nomograms and other risk factors for overall survival (OS) (A) and cancer-specific survival (B) prediction
in training set.
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Wemust admit that there were several limitations to our study.
Firstly, the SEER database, while a valuable resource, lacks cer-
tain key variables that could influence survival outcomes, such as
tumour differentiation, surgical resection outcomes (R0 or not),
and postoperative morbidity. Secondly, due to the retrospective
nature of the study, there may be inherent biases and confounding
factors that were not accounted for in the analysis. Additionally,
the generalizability of our findings may be limited by the specific
population and timeframe included in the SEER database.
Furthermore, as with any observational study, causality cannot
be inferred, and there may be unmeasured variables that could
impact the results. Additional research endeavours are imperative
to comprehensively address these identified limitations.

Conclusions

Patients with colorectal SRCC acquired a substantial increase in
CS over time. Nomograms constructed with consideration of
survival time can be more precise for prognosis analysis in
patients with colorectal SRCC.
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Gu et al. Annals of Medicine & Surgery (2024)

2529

https://researchregistry.knack.com/research-registry#home/registrationdetails/658792967872bb00289b721a/
https://researchregistry.knack.com/research-registry#home/registrationdetails/658792967872bb00289b721a/


References
[1] Liu X, Huang L, Liu M, et al. The Molecular Associations of Signet-Ring

Cell Carcinoma in Colorectum: Meta-Analysis and System Review.
Medicina (Kaunas) 2022;58:836.

[2] Barresi V, Pedrazzani C. Colorectal signet ring cell carcinoma: advancing
research in a rare cancer. Future Oncol 2020;16:1161–3.

[3] Allart M, Leroy F, Kim S, et al. Metastatic colorectal carcinoma with
signet-ring cells: Clinical, histological and molecular description from an
Association des Gastro-Entérologues Oncologues (AGEO) French mul-
ticenter retrospective cohort. Digest Liver Dis 2022;54:391–9.

[4] Shi T, HuangM,Han D, et al. Chemotherapy is associated with increased
survival from colorectal signet ring cell carcinomawith distant metastasis:
a Surveillance, Epidemiology, and End Results database analysis. Cancer
Med 2019;8:1930–40.

[5] Puccini A, Poorman K, Catalano F, et al. Molecular profiling of signet-
ring-cell carcinoma (SRCC) from the stomach and colon reveals potential
new therapeutic targets. Oncogene 2022;41:3455–60.

[6] Hugen N, Verhoeven RH, Lemmens VE, et al. Colorectal signet-ring cell
carcinoma: benefit from adjuvant chemotherapy but a poor prognostic
factor. Int J Cancer 2015;136:333–9.

[7] Xu J, Sun Z, Ju H, et al. Construction of novel prognostic nomogram for
mucinous and signet ring cell colorectal cancer patients with a survival
longer than 5 years. Int J Gen Med 2022;15:2549–73.

[8] Wang B, Zeng J, Liu Y. Using nomograms to predict prognostic factors in
young colorectal mucinous and signet-ring cell adenocarcinoma patients.
Biosci Rep 2019;39:BSR20181863.

[9] Diao JD, Ma LX, Wu CJ, et al. Construction and validation a nomogram
to predict overall survival for colorectal signet ring cell carcinoma. Sci
Rep 2021;11:3382.

[10] Zheng Z, Wang X, Liu Z, et al. Individualized conditional survival
nomograms for patients with locally advanced rectal cancer treated with
neoadjuvant chemoradiotherapy and radical surgery. Eur J Surg Oncoly
2021;47:3175–81.

[11] Wancata LM, Banerjee M, Muenz DG, et al. Conditional survival in
advanced colorectal cancer and surgery. J Surg Res 2016;201:196–201.

[12] Ali ND, Donohue K, Zandieh S, et al. Conditional survival analysis of
metastatic colorectal cancer patients living ≥24 months: a single insti-
tutional study. Am J Clin Oncol 2019;42:512–8.

[13] Hagens ERC, Feenstra ML, Eshuis WJ, et al. Conditional survival after
neoadjuvant chemoradiotherapy and surgery for oesophageal cancer. Br
J Surg 2020;107:1053–61.

[14] Mathew G, Agha R, Albrecht J, et al. STROCSS 2021: Strengthening the
reporting of cohort, cross-sectional and case-control studies in surgery.
Int J Surg 2021;96:106165.

[15] Inamura K, Yamauchi M, Nishihara R, et al. Prognostic significance and
molecular features of signet-ring cell and mucinous components in col-
orectal carcinoma. Ann Surg Oncol 2015;22:1226–35.

[16] Haydu LE, Scolyer RA, Thompson JF. Conditional survival estimates for
cancer patients. Oncotarget 2017;8:84639–40.

[17] Jung SH, Lee HY, Chow SC. Statistical methods for conditional survival
analysis. J Biopharm Stat 2018;28:927–38.

[18] Latenstein AEJ, van Roessel S, van der Geest LGM, et al. Conditional
survival after resection for pancreatic cancer: a population-based study
and prediction model. Ann Surg Oncol 2020;27:2516–24.

[19] Shah MM, Meyer BI, Rhee K, et al. Conditional survival analysis of
hepatocellular carcinoma. J Surg Oncol 2020;122:684–90.

[20] Shin DW, Bae J, Ha J, et al. Conditional relative survival of cervical
cancer: a Korean National Cancer Registry Study. J Gynecol Oncol 2021;
32:e5.

[21] Pulte D, Jansen L, Brenner H. Disparities in colon cancer survival by
insurance type: a population-based analysis. Dis Colon Rectum 2018;61:
538–46.

[22] Stelzner S, Radulova-Mauersberger O, Zschuppe E, et al. Prognosis in
patients with synchronous colorectal cancer metastases after complete
resection of the primary tumor and the metastases. J Surg Oncol 2019;
120:438–45.

Gu et al. Annals of Medicine & Surgery (2024) Annals of Medicine & Surgery

2530


