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Background: Few overlaps between prognostic biomarkers are observed
among different independently performed genomic studies of esophageal
squamous cell carcinoma (ESCC). One of the reasons for this is the
insufficient cohort size. How many cases are needed to prognostic genes
analysis in ESCC?

Methods: Here, based on 387 stage IlI/lll ESCC cases analyzed by whole-
genome sequencing from one single center, effects of cohort size on
prognostic genes analysis were investigated. Prognostic genes analysis was
performed in 100 replicates at each cohort size level using a random resampling
method.

Results: The number of prognostic genes followed a power-law increase with
cohort size in ESCC patients with stage Il and stage Ill, with exponents of
2.27 and 2.25, respectively. Power-law curves with increasing events number
were also observed in stage Il and Il ESCC, respectively, and they almost
overlapped. The probability of obtaining statistically significant prognostic
genes shows a logistic cumulative distribution function with respect to
cohort size. To achieve a 100% probability of obtaining statistically
significant prognostic genes, the minimum cohort sizes required in stage Il
and Il ESCC were approximately 95 and 60, respectively, corresponding to a
number of outcome events of 33 and 36, respectively.

Conclusion: In summary, the number of prognostic genes follows a power-law
growth with the cohort size or events number in ESCC. The minimum events
number required to achieve a 100% probability of obtaining a statistically
significant prognostic gene is approximately 35.
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Background

Esophageal squamous cell carcinoma (ESCC) is the most

common histologic subtype of esophageal cancer and
characterized by a high degree of clinical and genetic
heterogeneity [1-3]. A reliable set of prognostic genes will
contribute to a better understanding of the molecular
mechanisms of ESCC progression and is crucial to guide
clinical management. With the development of high-throughput
sequencing technology, whole-exome sequencing (WES) or
whole-genome sequencing (WGS) has been widely used for
prognostic markers analysis in ESCC [4-11]. Over 1,000 ESCC
exomes have been sequenced in the past years, however, little
overlap between prognostic genes has been seen in the different
ESCC studies [4-11]. The most straightforward explanation for
this phenomenon is usually attributed to the fact that the cohorts
used in different studies differed in certain potentially relevant
factors (such as stage, gender, and genetic context). However,
sample size is also an important influencing factor [12].
Somatic mutations have been detected in the coding regions of
approximately 14,000 genes in ESCC, of which 65 genes showed
mutation frequency of >5% [8]. In prognostic survival analysis, the
number of outcome events should be sufficient relative to predictors
[13]. For the identification of prognosis-related genes, the cohort

size should be larger than the number of mutated genes. However,
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the cohort size for different genomic studies in ESCC is usually in
the tens to hundreds. In addition, the number of outcome events is
also an important factor for prognostic genes analysis. The
statistical power of survival analysis actually depends on the
number of outcome events rather than the total cohort size [14, 15].
Here, our aim is to define how many cases are needed to
identify prognosis-related genes in ESCC? To exclude other
influencing factors, such as genetic context, follow-up time,
and staging, we have focused here on a single ESCC dataset
from one center and investigated the effect of cohort size on
prognostic genes using random resampling methods.

Methods
Study data

Somatic mutation data and clinical information of ESCC
cases were obtained from the published study [8]. Of the patients,
a total of 222 ESCC patients with stage II and 165 ESCC patients
with stage III from one center had overall survival (OS) data and
were selected for further analysis. The median follow-up time for
stage I and III patients was 34 and 27 months, respectively. The
number of OS outcome events for stage II and III patients was
77 and 99, respectively.
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FIGURE 2

Correlation between probability of obtaining at least one
prognostic gene and cohort size in ESCC patients. The fitted
curves are based on logistic cumulative distribution functions.

Prognostic genes analysis

Random resampling was performed by randomly selecting n
cases in the dataset of stage IT patients and the dataset of stage III
patients, respectively. The cohort size n ranged from 1/7%-95%
of all cases, with each cohort size being randomly sampled
100 times. Predictive analyses for prognostic genes associated
with OS were also repeatedly performed 100 times for each
cohort size level using the “maftools” package [16]. Survival
analyses were determined using the Kaplan-Meier method and
compared by the log-rank test. Differential genes with p <
0.05 were considered significant.

Statistical analysis

Statistical analysis was carried out using SPSS 22.0 software
(SPSS, Inc., Chicago, IL, United States) or R statistical software
(v4.1.0; R Core Team 2021). All results were presented as

means * standard error.

Results

In patients with stage II ESCC, the number of statistically
significant prognostic genes increased with cohort size in a power-
law with an exponent of 2.27 (Figure 1A). The power-law growth
curve was also observed in patients with stage III ESCC and was
generally consistent with the growth exponent of patients with stage
IT ESCC (Figure 1B). We further analyzed the relationship between
the number of prognostic genes and the number of outcome events.
Power-law growth curves were observed again for stage IT and stage
IIT ESCC, respectively, and they almost overlapped (Figure 1C). We
then simulated and analyzed the relationship between the number
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of prognostic genes and the events number by mixing data from
stage IT and stage III ESCC. The best-fit curve also conformed to the
power-law growth with R* of 0.9917 (Figure 1D).

We then analyzed the probability of obtaining at least one
statistically significant prognostic gene in relation to cohort size.
Logistic camulative distribution curves were observed in both stage
IT and stage III ESCC patients (Figure 2). To achieve a 90%
probability of obtaining statistically at least one statistically
significant prognostic gene, the minimum cohort sizes required
for stage II and III ESCC were approximately 65 and 45,
respectively (Figure 2), which correspond to a number of events
of 23 and 27, respectively. To achieve a 100% probability of
obtaining at least one statistically significant prognostic gene,
the minimum cohort sizes required for stage II and III ESCC
were approximately 95 and 60, respectively (Figure 2), which
correspond to a number of events of 33 and 36, respectively.

Discussion

Prognosis is one of the core principles of medical practice. A
number of studies have been conducted on the prediction of OS in
ESCC based on WGS or WES [4-11]. However, few studies
investigate the cohort size needed for prognostic genes studies.
The prognostic genes identified by different studies showed very
little overlap [4-11]. One reason is the inadequate cohort size. In this
paper, we focused on a single ESCC dataset from one center and
investigated the effect of cohort size on prognostic genes using
random resampling methods. This cohort is the largest ESCC cohort
to date from a single clinical center and includes 437 ESCC cases
from Han population of Shanxi, China [8]. This cohort nicely
excludes the interference of genetic background differences. A
total of 387 patients with stage II/III ESCC were enrolled in the
study after verification of clinical information.

In both stage II and stage IIT ESCC patients, the number of
prognostic genes showed a power-law relationship with
increasing cohort size, although the specific parameters of the
formula differed. However, prognostic analysis is based on time-
to-event data [17]. The events number is more critical than
cohort size in prognostic analysis. Relative to the events number,
the growth curves of the number of prognostic genes in patients
with stage II and stage III ESCC largely overlapped. Although the
cohort sizes required for prognostic genes analysis of stage II and
stage III ESCC are different, the number of outcome events
required is essentially the same. These results indicated that the
power-law growth of the number of prognostic genes with cohort
size is common in ESCC, independent of stage.

Prognostic studies are usually retrospective and cohort sizes
are rarely considered prior to analysis [18]. However, the
prognostic genes obtained on limited data are nothing but
misleading. Our results showed that at least 35 outcome
events are required in ESCC to ensure the acquisition of
statistically significant prognostic genes.
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A limitation of this study is that the number of ESCC patients
from one center (99 outcome events) is still insufficient, resulting
in the plateau in the number of prognostic genes not reached.
Enrolling more patients will detect more mutated genes, thereby
increasing the number of prognostic genes. However,
theoretically there should be a plateau in the number of
prognostic genes. The number of cases or events needed to

reach this plateau still needs to be further explored.

Conclusion

In summary, the number of prognostic genes takes a power-
law growth with cohort size in ESCC. Our results suggest that at
least 35 outcome events are required for genomic mutation-based
prognostic studies in ESCC. These results will help to the trial
design of prognostic genes analysis in ESCC.
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