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Background: Cases of undifferentiated cancers of the digestive system (UCDS) are occasionally 
encountered in clinical practice; however, no large-scale studies have described their characteristics. This 
study aimed to investigate the incidence, prognosis, and treatment strategies of UCDS.
Methods: We used the data from the Surveillance, Epidemiology, and End Results database to evaluate 
clinical characteristics in UCDS patients. A cohort of 1,372 patients was included to estimate UCDS 
incidence; another cohort of 1,816 patients was followed up until December 31, 2017 to evaluate treatment 
and prognosis. The incidence, trends, treatments, overall survival, and cause-specific survival were assessed.
Results: The estimated incidence of UCDS was 0.136 per 100,000 people-years [95% confidence interval 
(CI): 0.129–0.143] from 1975 to 2016 with respect to sex, age, year of diagnosis, race, region, site, income, 
and education. The age-adjusted rates of UCDS dropped from 0.567 per 100,000 people-years in 1978 to 
0.031 per 100,000 people-years in 2016. The rates of surgery, beam radiation, and chemotherapy in patients 
with UCDS were 37.3%, 17.3%, and 30.7%, respectively. Overall, the 5-year cause-specific survival rate 
was 18%, with a median cause-specific survival of 4 months. Patient prognosis improved significantly over 
the decades; stage, site, year of diagnosis, surgery, beam radiation, and chemotherapy were independent 
prognostic factors for UCDS mortality. 
Conclusions: The incidence of UCDS has decreased in the United States over the past 40 years. 
Patients benefited from surgery, beam radiation, and chemotherapy. The survival of patients with UCDS 
has improved. Further research on developing decision-making recommendations for UCDS treatment is 
crucial.
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Introduction

Cancers of the digestive system have the highest prevalence 
and mortality, accounting for 328,030 cases and 165,460 
deaths in the United States (US) in 2019 (1). Among these 
cancers, adenocarcinoma is the most common histological 
type. Differentiation is an indicator of malignancy and a 
predictor of survival and treatment resistance (2). However, 

the characteristics of undifferentiated cancers of the 
digestive system (UCDS) have not been fully elucidated. A 
deeper knowledge of UCDS will help improve community 
health by developing public health prevention strategies, 
formulating health insurance policies, and identifying 
multidisciplinary treatments. 

Available publications on UCDS are scarce; and thus, this 
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disease is not well understood. In terms of epidemiology, 
the most common site of UCDS is the stomach, as 
reported by researchers in East Asia who observed it during 
endoscopic resection for early gastric cancer (3,4). Other 
sites such as the pancreas and hepatobiliary organs have also 
been reported (5-8). However, reports on the incidence of 
UCDS are limited. Moreover, the time trends of UCDS 
incidence have not been analyzed. For the treatment 
of undifferentiated early gastric cancer, endoscopic and 
surgical resections were shown to be effective (3,9,10). 
However, for regional and metastatic undifferentiated 
gastric cancer and UCDS at other sites, multidisciplinary 
treatment strategies were used without a specified value 
assigned for each treatment (7,11,12).

Therefore, it is important to assess the malignant potential 
of UCDS. We put forth the following hypotheses: (I) UCDS 
incidence has decreased over time and the incidence is 
associated with demographic and socioeconomic factors; (II) 
patients with UCDS may benefit from systemic therapies 
such as chemotherapy rather than from regional treatments 
such as surgery and radiotherapy; and (III) the prognosis 
is poor even for early-stage disease and is independent of 
the primary tumor site, but it may have improved in recent 
decades. We excluded oral tumors in this study because 
squamous cell carcinoma is the most common histological 
type in these tumors; therefore, oral cancer was classified as 
squamous cell carcinoma of the head and neck.

Given the low frequency of UCDS, the best way to 
evaluate its epidemiology is through the use of large 
population-based registries containing longitudinal data. 
The Surveillance, Epidemiology, and End Results (SEER) 
database is a comprehensive source of information from 
the National Cancer Institute, which has provided cancer 
incidence and population data annually since 1973. Thus, 
this cohort analysis aimed to improve our knowledge of 
UCDS, which is important from both clinical and public 
health perspectives. Therefore, we comprehensively 
evaluated UCDS incidence, time trends, treatments, 
and outcomes using the data from the SEER database. 
We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-1615).

Methods

Data sources

Data collection for the SEER database began in 1973 

using various locations and sources throughout the US. 
The following data are collected continuously: incidence; 
patient demographics; tumor site, morphology, and stage; 
treatment; and follow-up. The SEER database contains 
enriched patient data in terms of detail and longitudinal 
information from expanding registries. The Surveillance 
Research Program of the National Cancer Institute’s 
Division of Cancer Control and Population Sciences 
provides analytical tools and methodological support 
required for collecting, analyzing, interpreting, and 
disseminating population-based statistics. We obtained 
data corresponding to 1975–2016 from the SEER Program 
(www.seer.cancer.gov) SEER*Stat Database, submitted 
in November 2018 and released in April 2019. The latest 
released SEER data cover approximately 34.6% of the US 
population (13).

To maximize the use of information, two cohorts were 
created. One cohort, used to estimate incidence and time 
trends, was created from the incidence database of the 
SEER 9 registry (Atlanta, Connecticut, Detroit, Hawaii, 
Iowa, New Mexico, San Francisco-Oakland, Seattle-Puget 
Sound, and Utah). The other cohort, used to analyze 
treatment strategies and survival, was created from a case 
listing of the SEER 18 registry (SEER 9, plus Los Angeles, 
San Jose-Monterey, rural Georgia, Alaska Native Tumor 
Registry, Greater California, Greater Georgia, Kentucky, 
Louisiana, and New Jersey), covering approximately 28% 
of the US population (http://seer.cancer.gov). The study 
conformed to the provisions of the Declaration of Helsinki 
(as revised in 2013). This study was deemed to be exempt 
from full institutional review board review by China 
Medical University due to its retrospective nature. 

Patient selection

UCDS cases were identified on the basis of (I) International 
Classification of Diseases for Oncology, Third Edition 
(ICD-O-3) codes for primary sites in the digestive system 
with the following ones included: the esophagus (C150–
C159); stomach (C160–C169); small intestine (C170–
C179); cecum (C180); appendix (C181); ascending colon 
(C182); hepatic flexure (C183); transverse colon (C184); 
splenic flexure (C185); descending colon (C186); sigmoid 
colon (C187); large intestine, not otherwise specified 
(NOS) (C188–C189, C260); rectosigmoid junction 
(C199); rectum (C209); anus, anal canal, and anorectum 
(C210–C212, C218); liver (C220); intrahepatic bile duct 
(C221); gallbladder (C239); other biliary tract sites (C240–
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C249); pancreas (C250–C259); retroperitoneum (C480); 
peritoneum, omentum, and mesentery (C481–C482); 
and other digestive organs (C268–C269, C488) and (II) 
undifferentiated histologic type (ICD-O-3 histology codes 
8020/3: Carcinoma, undifferentiated, NOS). 

Information extraction

We extracted data on the following variables: sex, age at 
diagnosis, year of diagnosis, race, marital status, region, 
tumor site, and tumor stage. Information on regions was 
recorded based on Contract Health Service Delivery 
Area counties, including those in the Northern Plains, 
Southwest region, East region, and Pacific Coast. Stage 
information was extracted from “SEER historic stage A”, 
which was a simplified version of stage: in situ, localized, 
regional, distant, and unknown. We chose three variables, 
namely income, education, and employment, to indicate 
the socioeconomic status. Furthermore, the socioeconomic 
status was determined depending on the county of residence 
in each case and estimated from the Census 2012–2016 
American Community Survey. For socioeconomic status, 
the patients were stratified into two categories according 
to the median level. Surgery information was extracted 
based on the SEER variable of “Reason no cancer directed 
surgery”. The status of patients at the time of the last 
follow-up was evaluated based on the SEER variable of 
“cause of death (COD) to site recode”. We used the variable 
“survival time months” to extract data on the time from 
the date of diagnosis to the date of the last follow-up. The 
follow-up cutoff date in this study was December 31, 2016.

Statistical analysis

Incidence was analyzed using SEER*Stat, version 8.3.6 
(Surveillance Research Program, National Cancer 
Institute, seer.cancer.gov/seerstat). Trends in incidence and 
differences between trends were analyzed using Joinpoint 
Regression Program 4.7.0.0 (Statistical Methodology and 
Applications Branch, Surveillance Research Program, 
National Cancer Institute) with the joinpoint regression 
model and permutation tests for identifying changes in 
trends (14). Statistical analysis was performed using IBM 
SPSS Statistics for Windows, version 24.0 (IBM Corp., 
Armonk, NY, USA). Graphs were created in GraphPad 
Prism version 8.0.0 (GraphPad Software, Inc.).

The incidence rates per 100,000 people-years were age 
adjusted to the 2000 US standard population. Percent changes 

were calculated at intervals of 1 year for each endpoint. The 
rates of treatment were compared between groups using chi-
square tests. The 1-, 3-, and 5-year cause-specific survival 
(CSS) rates were estimated using the life table method; median 
survival rates were estimated using Kaplan-Meier analyses 
and compared using log-rank tests. Prognostic factors were 
identified by univariate regression analysis, wherein hazard 
ratios (HRs) with 95% confidence intervals (CIs) were 
calculated to estimate the mortality risk. A multivariable 
analysis was further performed to identify independent 
prognostic factors using a Cox proportional hazard model. A P 
value <0.05 was used to indicate statistical significance.

The independent prognostic factors derived from the 
Cox multivariate analysis were selected to construct a 
nomogram of CSS. To improve the application value of the 
data, only patients diagnosed between 1997 and 2016 were 
included, and the variable of region was eliminated. The 
nomogram was constructed using R software, version 3.6.1 
(R Foundation for Statistical Computing) and Rstudio, 
version 1.2.1335 (RStudio, Inc.). The bootstrap method 
(sampling was repeated 1,000 times) was used for internal 
verification, and the conformity of the model was evaluated 
using the C-index and a calibration diagram.

Results

Incidence

Between 1975 and 2016, a total of 1,372 patients with 
UCDS were identified in the SEER 9 registry. The 
overall incidence of UCDS during that period was 0.136 
per 100,000 people-years (95% CI: 0.129–0.143). The 
incidence was dependent on sex, age, year of diagnosis, race, 
region, site, income level, and education level (Table 1). The 
incidence was higher in male and black populations; for the 
incidence, the ratio of women to men was 0.604 and that 
of black to white people was 1.456. More than half of the 
patients were diagnosed before 1986, and the proportion 
of UCDS cases has been decreasing gradually (Figure 1A). 
Older age was associated with UCDS tumorigenesis, a 
pattern consistent with that in digestive cancer (Figure 1B). 
Few patients were under 50 years of age, and the incidence 
among patients aged ≥70 years was three times higher than 
that among patients aged 50–70 years. Among geographical 
regions, higher incidences were observed in the Northern 
Plains and Pacific Coast, while the lowest incidence was 
observed in the Southwest region. Advanced-stage disease 
was predominant, and patients with regional and distant 
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Table 1 Frequency, incidence and rate ratios of the undifferentiated cancers in the digestive system

Groups No. (%) Incidence (95% CI) Rate ratio (95% CI) 

All 1,372 0.136 (0.129–0.143) –

Gender

Male 767 (55.9) 0.174 (0.162–0.188) 1.000 (reference) 

Female 605 (44.1) 0.105 (0.097–0.114) 0.604 (0.542–0.674)*

Age groups, years

20–49 101 (7.4) 0.024 (0.019–0.029) 1.000 (reference) 

50–69 562 (41.0) 0.268 (0.247–0.292) 11.283 (9.117–14.098)*

70–84 581 (42.3) 0.817 (0.752–0.887) 33.346 (27.769–42.889)*

85+ 128 (9.3) 0.851 (0.710–1.012) 35.757 (27.344–46.911)*

Year of diagnosis

1975–1986 770 (56.1) 0.354 (0.329–0.380) 1.000 (reference) 

1987–1996 258 (18.8) 0.118 (0.104–0.133) 0.333 (0.288–0.384)*

1997–2006 182 (13.3) 0.071 (0.061–0.082) 0.200 (0.169–0.235)*

2007–2016 162 (11.8) 0.052 (0.044–0.060) 0.146 (0.122–0.173)*

Race

White 1,111 (81.0) 0.132 (0.124–0.140) 1.000 (reference) 

Black 159 (11.6) 0.192 (0.163–0.225) 1.456 (1.219–1.725)*

Other 102 (7.4) 0.114 (0.092–0.138) 0.861 (0.694–1.057)

Marital status^

Married 750 (54.7) – –

Others 622 (45.3) – –

Region

East 267 (19.5) 0.117 (0.103–0.132) 1.000 (reference) 

Northern Plains 488 (35.6) 0.163 (0.149–0.179) 1.401 (1.204–1.635)*

Pacific Coast 496 (36.2) 0.140 (0.128–0.153) 1.197 (1.029–1.396)*

Southwest 121 (8.8) 0.096 (0.079–0.114) 0.821 (0.656–1.022)

Stage (153 unstaged)

Localized 165 (12.0) 0.017 (0.014–0.019) 1.000 (reference) 

Regional 367 (26.7) 0.036 (0.033–0.040) 2.202 (1.826–2.664)*

Distant 687 (50.1) 0.067 (0.062–0.072) 4.052 (3.412–4.836)*

Site

Esophagus 181 (13.2) 0.018 (0.015–0.021) 1.000 (reference) 

Stomach 320 (23.3) 0.032 (0.028–0.036) 1.789 (1.484–2.161)*

Intestine/colorectum 372 (27.1) 0.037 (0.033–0.041) 2.080 (1.735–2.501)*

Hepatobiliary system 154 (11.2) 0.015 (0.013–0.018) 0.853 (0.683–1.064)

Pancreas 330 (24.1) 0.032 (0.029–0.036) 1.818 (1.511–2.194)*

Others 15 (1.1) 0.002 (0.001–0.003) 0.087 (0.048–0.147)*

Table 1 (continued)
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metastases accounted for 76.8% of cases. The incidences 
were high for UCDS in the stomach, intestines/colorectum, 
and pancreas, similar to the pattern observed in digestive 
cancer (Figure 1C). Higher incidence was associated with 
lower levels of income and education. 

Trends

The age-adjusted rates of UCDS ranged from 0.318 to 0.567 

per 100,000 people-years between 1975 and 1978, but this 
difference was not significant (P=0.2); then, the rate rapidly 
dropped to 0.097 in 1992, with an annual percentage 
change of −11.0 (95% CI: −13.5 to −8.3, P<0.05). The value 
slowly declined to 0.031 in 2016, with an annual percentage 
change of −3.5 (95% CI: −5.2 to −1.7, P<0.05) (Figure 1D).  
Stratification of the cohort by sex or race to conduct 
pairwise comparisons showed that the trends observed were 
independent of sex and race.

Table 1 (continued)

Groups No. (%) Incidence (95% CI) Rate ratio (95% CI) 

Income

Low level 363 (26.5) 0.160 (0.144–0.177) 1.000 (reference) 

High level 1,009 (73.5) 0.129 (0.121–0.137) 0.806 (0.713–0.912)*

Education

Low level 258 (18.8) 0.187 (0.164–0.210) 1.000 (reference) 

High level 1,114 (81.2) 0.128 (0.120–0.135) 0.683 (0.596–0.786)*

Employment

Low level 749 (54.6) 0.139 (0.129–0.149) 1.000 (reference) 

High level 623 (45.4) 0.132 (0.122–0.143) 0.949 (0.852–1.058)

Incidence are per 100,000 and age-adjusted to the 2000 US standard population. *, P<0.05; ^, marital status as diagnosis is not a 
population variable and cannot be used when calculating rates, therefore the table contains frequency only.
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Figure 1 Age-adjusted rates and trends of undifferentiated cancers of the digestive system. The age-adjusted rates of cancers in the digestive 
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Treatment

In total, 1,816 patients with UCDS qualified for the study. 
The rates of surgery, beam radiation, and chemotherapy 
were 37.3%, 17.3%, and 30.7%, respectively. Although 
the treatment of UCDS was multimodal, the choice of 
treatment modality depended on sex, age, year of diagnosis, 
marital status, region, site, stage, and multiple primary 
malignant tumors (Table S1). Male patients and those with 
localized/regional-stage disease were more likely to undergo 
surgery, radiation therapy, and chemotherapy. Although the 
rates of radiotherapy or chemotherapy were low in patients 
over 85 years of age, the rate of surgery in these patients 
was higher than that in younger patients. Over the decades, 
more patients underwent surgery and chemotherapy and 
fewer received radiation therapy. The rate of radiation 
in patients in the Southwest region was three-fold lower 
than that in those in other regions. Patients with colorectal 
cancer had the highest rate of surgery, while those with 
esophageal cancer had the highest rate of radiation, similar 
to the rates for tumors in the same anatomic site.

Survival 

Overall, 1,795 patients were followed up, corresponding to 
a follow-up rate of 98.8%. The 5-year CSS rate of UCDS 
was 18%, with a median CSS of 4 months. Multivariable 
analysis showed that stage, site, year of diagnosis, surgery, 
beam radiation, and chemotherapy were independent 
prognostic factors of UCDS mortality (Figure 2 and Table 2).  
Advanced stage was associated with a worse prognosis. 
The median survival was nearly 4 years for localized stage 
disease compared with 9 and 2 months for regional stage 
disease and distant stage disease, respectively. Patients 
benefited from each of the three treatment modalities, with 
surgery extending survival from 3 to 15 months. Prognosis 
has improved significantly over the decades, with the 5-year 
CSS rate increasing to 28% in the last 20 years. Regarding 
tumor site, colorectal UCDS had the best prognosis. 
Although multiple primary malignant tumors were 
significantly related to prognosis, they could be considered 
an independent prognostic factor due to chronological bias.

Nomogram

We included the factors of site, stage, surgery, beam 
radiation, and chemotherapy in a nomogram to predict 
the 3-, 5-, and 10-year CSS rates (Figure 3A). We used 

the bootstrap method for internal verification and found a 
C-index of 0.762. The prediction calibration curve fitted 
well with the standard curve in the calibration diagram, 
indicating favorable accuracy of the prediction model 
(Figures 3B,C,D).

Discussion

In this study, we found that (I) the incidence of UCDS was 
0.136 per 100,000 people-years from 1975 to 2016, and it 
decreased to 0.031 per 100,000 people-years in 2016; (II) 
the management of UCDS was multidisciplinary: the rates 
of surgery, beam radiation, and chemotherapy were 37.3%, 
17.3%, and 30.7%, respectively, and patients benefited from 
each of the treatment modalities, especially surgery; (III) 
the prognosis of UCDS was poor, with a 5-year CSS rate 
of 18%; and (IV) the independent prognostic factors were 
stage, site, year of diagnosis, surgery, beam radiation, and 
chemotherapy.

We confirmed the hypothesis of a decreasing incidence 
of UCDS. The observed incidence was comparable to 
that reported previously. The Worldwide Esophageal 
Cancer Collaboration has indicated that undifferentiated 
carcinomas constituted 0.20% (26/13,300) of esophageal 
cancers using data from 33 institutions from six continents, 
mainly from Asia (15) .  Immunohistochemistry is 
crucial for the pathological diagnosis of UCDS. The 
histopathologic subtypes of digestive cancer have become 
well recognized owing to the widespread application of 
immunohistochemistry in recent decades (16,17). Our 
findings suggested a gradually decreasing incidence of 
UCDS. This consistency in timelines indicated that the 
popularity of immunohistochemistry could be the cause of 
the declining incidence of UCDS.

We also reported the demographic factors associated 
with UCDS incidence by analyzing a large number of 
cases. Previously, Singhi et al. evaluated 16 cases of resected 
undifferentiated esophageal carcinomas and reported 
that the patients were mostly elderly and predominantly  
male (18). Park et al. conducted a study on a group of patients 
with early gastric cancer who underwent curative endoscopic 
submucosal dissection; 7.2% (113/1,560) of the patients had 
undifferentiated-type cancer, which had an association with 
male sex (19). Zhang et al. reported a higher incidence of 
undifferentiated carcinoma of the pancreas in men and in 
those with a median age of 60 years (20). However, a study 
on undifferentiated carcinoma of the gallbladder reported 
female predominance (11). Furthermore, Brozek et al. 

http://Table S1
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Table 2 Univariate and multivariate survival analyses for cause specific survival of undifferentiated cancers in digestive system

Variable N
1  

year
3 

years
5 

years

Log-rank Univariate analyses Multivariate analyses

Median survival 
(95% CI), months

P HR (95% CI) P HR (95% CI) P

Overall 1,795 30% 20% 18% 4 (3.504–4.496) – – – – –

Gender 0.000 0.000 –

Male 986 26% 16% 15% 4 (3.397–4.603) 1.000 –

Female 809 35% 25% 22% 6 (4.998–7.002) 0.798 (0.713–0.893) –

Age groups, years 0.335 0.388 –

20–49 145 36% 23% 21% 7 (4.450–9.550) Reference 1.000 –

50–69 700 28% 19% 16% 4 (3.348–4.652) 0.078 1.180 (0.959–1.452) –

70–84 761 30% 20% 19% 4 (3.174–4.826) 0.162 1.161 (0.943–1.430) –

85+ 189 34% 25% 24% 5 (3.388–6.612) 0.584 1.073 (0.823–1.398) –

Year of diagnosis 0.000 0.000 0.008

1975–1986 759 22% 12% 11% 3 (2.540–3.460) reference 1.000 1.000

1987–1996 292 26% 17% 14% 4 (2.988–5.012) 0.060 0.869 (0.743–1.017) 0.887 (0.757–1.040)

1997–2006 400 40% 29% 28% 6 (3.892–8.108) 0.000 0.627 (0.540–0.728) 0.809 (0.694–0.943)

2007–2016 344 41% 31% 28% 8 (5.711–10.289) 0.000 0.575 (0.489–0.677) 0.791 (0.669–0.934)

Race 0.170 0.209 –

White 1,478 30% 21% 19% 4 (3.451–4.549) reference 1.000 –

Black 190 26% 14% 13% 4 (3.068–4.932) 0.084 1.158 (0.970–1.383) –

Other/unknown 127 33% 23% 21% 5 (3.038–6.962) 0.581 0.942 (0.759–1.170) –

Marital status 0.766 0.079 –

Married 959 29% 20% 18% 4 (3.257–4.743) 1.000 –

Others/unknown 836 31% 20% 18% 4 (3.272–4.728) 1.016 (0.909–1.136) –

Region 0.000* 0.000 –

East 414 32% 20% 19% 5 (3.781–6.219) reference 1.000 –

Northern Plains 487 22% 12% 11% 3 (2.342–3.658) 0.001 1.282 (1.097–1.498) –

Pacific Coast/Alaska 774 33% 24% 22% 6 (5.034–6.966) 0.497 0.952 (0.824–1.102) –

Southwest 120 33% 26% 21% 3 (1.394–4.606) 0.655 1.058 (0.829–1.350) –

Site 0.000^ 0.000 0.000

Esophagus 230 23% 10% 9% 4 (2.782–5.218) reference 1.000 1.000

Stomach 382 31% 18% 13% 5 (3.990–6.010) 0.141 0.892 (0.739–1.077) 0.858 (0.703–1.047)

Intestine/colorectum 547 48% 40% 38% 11 (6.001–15.999) 0.000 0.518 (0.429–0.624) 0.828 (0.671–1.022)

Hepatobiliary system 198 17% 6% 6% 2 (1.433–2.567) 0.001 1.372 (1.108–1.699) 1.359 (1.086–1.701)

Pancreas 413 14% 5% 4% 3 (2.441–3.559) 0.000 1.316 (1.096–1.580) 0.952 (0.784–1.156)

Other digestive 
organs

25 39% 25% 16% 4 (0.000–13.704) 0.307 0.800 (0.479–1.334) 0.789 (0.466–1.334)

Table 2 (continued)
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Table 2 (continued)

Variable N 1 year
3 

years
5 

years

Log-rank Univariate analyses Multivariate analyses

Median survival 
(95% CI), months

P HR (95% CI) P HR (95% CI) P

Stage 0.000# 0.000 0.000

Localized 211 65% 53% 49% 58 (0.000–124.180) Reference 1.000 1.000

Regional 476 45% 33% 30% 9 (6.338–11.662) 0.000 1.695 (1.341–2.144) 1.522 (1.202–1.927)

Distant 901 13% 5% 4% 2 (1.643–2.357) 0.000 4.204 (3.369–5.246) 2.915 (2.307–3.683)

Unstaged 207 28% 13% 10% 4 (2.968–5.032) 0.000 2.820 (2.158–3.686) 1.594 (1.206–2.108)

Multiple primary malignant tumors 0.000 0.000 0.000

One primary only 1,439 22% 12% 10% 3 (2.674–3.326) 1.000 1.000

Multiple primary 
malignant tumors

356 87% 84% 82% NA 0.097 (0.070–0.135) 0.114 (0.082–0.159)

Surgery 0.000 0.000 0.000

No/unknown 1,118 15% 6% 5% 3 (2.675–3.325) 1.000 1.000

Yes 677 53% 40% 37% 15 (9.748–20.252) 0.346 (0.305–0.394) 0.451 (0.384–0.528)

Beam radiation 0.000 0.001 0.000

No/unknown 1,481 29% 20% 18% 4 (3.442–4.558) 1.000 1.000

Yes 314 35% 21% 18% 8 (6.505–9.495) 0.778 (0.674–0.899) 0.658 (0.562–0.772)

Chemotherapy 0.000 0.000 0.000

No/unknown 1,237 28% 19% 18% 3 (2.554–3.446) 1.000 1.000

Yes 558 35% 22% 20% 7 (3.504–4.496) 0.748 (0.664–0.843) 0.612 (0.540–0.695)

*, Northern Plains vs. Pacific Coast/Alaska, P=0.000; Northern Plains vs. Southwest, P=0.095; Pacific Coast/Alaska vs. Southwest, 
P=0.339; ^, stomach vs. intestine/colorectum, P=0.000; vs. hepatobiliary system, P=0.000; vs. pancreas, P=0.000; intestine/colorectum 
vs. hepatobiliary system, P=0.000; vs. pancreas, P=0.000; hepatobiliary system vs. pancreas, P=0.674; #, regional vs. distant, P=0.000; 
CSS, cause specific survival; HR, hazard ratio; CI, confidence interval.

observed that despite the higher incidence in older women 
than in older men, the incidences of poorly differentiated 
and undifferentiated rectal cancer at an early age were 
similar between women and men. The authors attributed 
this difference to the lower vitamin D, calcium, and estrogen 
levels in women of advanced age and reported that adequate 
vitamin D and calcium intakes protected premenopausal 
women against more aggressive cancers (21). Notably, the 
proportion of undifferentiated cancer cases was high in some 
Asian studies. For example, in a study in Japan, Kakinoki et al. 
reported that 30.1% (116/386) of gastric cancers were of the 
undifferentiated type (22). Furthermore, Kwon et al. reported 
that undifferentiated carcinoma accounted for 21.9% and 
48.8% of early and advanced gastric cancers, respectively, in 
a Korean study (23). Such high proportions are inconsistent 

with the results of this study and our clinical experience, 
suggesting that there are differences in prevalence or 
diagnostic criteria among these countries (24).

Our study showed that low socioeconomic status was 
associated with a high incidence of UCDS. Previous 
studies have reported inconsistent results regarding the 
correlation between socioeconomic status and digestive 
cancer incidence. First, many researchers reported a 
positive correlation between socioeconomic status and the 
incidence of digestive cancers. In France, a study of 189,144 
cancer cases reported that a low socioeconomic status was 
associated with a high incidence of stomach cancer and 
liver cancer in both men and women; it was also associated 
with the incidence of esophageal cancer and pancreatic 
cancer in men (25). In the US, studies have reported that 
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the incidences of stomach, colorectum, and liver cancers 
were higher in a population with low levels of income and 
education (26,27). A Finnish study found that colon cancer 
incidence was higher in highly educated people than in 
those with a basic education (28). An American study of 
40,314 patients with colorectal cancer found a negative 
correlation between socioeconomic status and colorectal 
cancer incidence (29). In contrast, a Swedish study including 
82,686 patients with colorectal cancer reported that 
disposable income and education levels were not related to 
the incidence of colorectal cancer (30). This inconsistency 
in correlation between UCDS incidence and socioeconomic 
status indicates the heterogeneity in tumorigenesis of 
undifferentiated cancers; furthermore, the differences in 
mortality and morbidity may reflect differences in smoking 
status, obesity, lack of exercise, diet, alcohol consumption, 
screening, and treatment (27). Therefore, our results are 
significant from both public health and clinical perspectives. 
In terms of prevention strategies, our research identified 
high-risk populations for screening. Prevention strategies 
for cancers should be applied to all individuals, regardless 
of their socioeconomic status. However, screening of 
patients with low income and education levels may 
reduce the heterogeneity in UCDS incidence. Similarly, 

reasonable allocation of medical budgets should be 
considered alongside health insurance policies. In terms of 
tumorigenesis of UCDS, the high incidence in people with 
low income and education levels is a clue for identifying the 
pathogenesis. Potentially, preventive measures directed at 
changing certain lifestyle choices may narrow down health 
differences based on income and education levels.

Treatment choices differed in terms of sex, age, year 
of diagnosis, marital status, region, tumor site, and stage. 
Although patients benefited from surgery, radiotherapy, 
and chemotherapy, the rate of radiotherapy has dropped 
in recent decades. Owing to the relative rarity of UCDS 
and the lack of clinical trials, therapeutic guidelines or 
recommendations are not available (31). Literature reports 
have suggested a variety of regional and systemic treatment 
strategies; however, complete response and long-time 
survival were achieved in only a few cases (32,33). Reis 
Neto et al. studied 287 patients with rectal adenocarcinoma 
treated with radiotherapy followed by surgery and reported 
that preoperative radiotherapy decreased the proportion 
of undifferentiated cells, indicating that undifferentiated 
rectal cancer cells were more sensitive to the radiation 
than differentiated cancer cells (34). The effectiveness of 
chemotherapy and combined regimens for undifferentiated 
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carcinoma remains unclear because of the small number 
of reported cases (12). The present large population-
based cohort study provided a higher level of evidence for 
treatment.

In this study, surgery has increased the survival in UCDS 
patients by more than 1 year and it was the most effective 
treatment among the three traditional treatments available, 
indicating that surgery should be the first-line treatment 
in operative cases, especially for colorectal UCDS. This 
indicated that invasive and metastatic events were not always 
inevitable in regional cases. Similarly, several studies have 
revealed lymph node metastasis rates of 0–1.1% after curative 
resection of undifferentiated gastric carcinoma; the authors 
suggested that endoscopic submucosal dissection should 
be considered a possible treatment for undifferentiated 
early gastric cancer and that undifferentiated cancers do 
not require a more thorough surgical resection and a wider 
range of lymph node dissection than other pathologic 
types of cancer (11,19,35). However, other studies have 
suggested that the risk of lymph node metastasis in pancreatic 
undifferentiated cancer was not higher than that in pancreatic 
adenocarcinoma (20,36,37).

A unique finding of this study was the identification of 
the independent prognostic factors of UCDS. Although the 
prognosis of UCDS is poor, it has improved over the past 
40 years, with the 5-year survival rate of local-stage patients 
reaching 49%. Previously, the prognosis was estimated 
using small sample sizes. For example, several studies 
have reported poor prognosis in hepatobiliary cancer, 
with a median survival as short as 3 months (7,8,11,12). A 
study on eight cases of undifferentiated carcinoma of the 
gallbladder reported a median survival of 7.3 months and a 
prognostic advantage for early-stage disease (7). A Japanese 
study reported that tumor size >10 cm was an independent 
prognostic factor in patients with advanced undifferentiated 
gastric carcinoma and found that the undifferentiated type 
was more invasive, with a higher incidence of peritoneal 
dissemination, while the differentiated type was more likely 
to metastasize to the liver (38). A Korean study including 
4,236 patients with early undifferentiated-type gastric 
cancer reported an increased rate of lymph node metastasis 
with increased T stage and favorable overall survival in 
younger patients. Notably, the overall survival rates were 
95.5% and 86.1% in the old and young groups, respectively; 
this may be due to the histological diversity in this study: 
poorly differentiated adenocarcinoma, signet-ring cell 
carcinoma, and mucinous carcinoma were categorized as 
undifferentiated-type tumors (39).

Given the large number of cases and the long durations 
of observation and follow-up, the present study provided 
a comprehensive epidemiologic picture of UCDS. 
Determination of the incidence of UCDS provides a 
scientific basis for the development of hygiene policies. 
Furthermore, the prognostic factors identified are critical 
for clinical decision-making. The developed nomogram can 
be used by clinicians to evaluate UCDS mortality.

Our study had several limitations. First, central 
verification of the pathologic diagnosis was lacking, and 
some specific pathological subtypes could not be further 
analyzed. Second, data on performance status and systemic 
treatment agents were not available. Finally, the inherent 
limitations of retrospective, population-based, cohort studies 
include selection, information, and confounder biases. These 
limitations may raise concerns about the generalizability 
of these findings. Therefore, prospective studies and 
randomized trials are required to verify these findings. 

Conclusions

The incidence of UCDS yields lower in the US in the past 
40 years. The survival of patients with UCDS has improved. 
Stage, site, year of diagnosis, surgery, beam radiation, and 
chemotherapy were independent prognostic factors for 
UCDS. 
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