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Introduction

Esophageal cancer is one of the most common causes 
of cancer-related death, and is the sixth leading cause 
of death worldwide, responsible for over 500,000 cases  

every year (1). There have been numerous studies reporting 

the clinicopathological features and prognostic factors 

of esophageal cancer (2,3). Despite the management of 

esophageal cancer patients has been greatly improved, 
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the general outcome remains very poor for overall 5-year 
survival rates (10%) and 5-year post esophagectomy survival 
rates (15–40%) (4). Although the development of a second 
primary cancer after an index esophageal cancer is fairly 
rare, with the rapid development of treatment technology 
and the population continuing to age, the number of 
elderly patients with esophageal cancer as a second primary 
cancer following other cancer history is expected to further 
increase in the near future (5). Under such circumstances 
clinicopathological characteristics and prognosis factors 
of second cancer should be studied in depth. With the 
increasing incidence of second primary cancer in subjects 
with esophageal cancer, there may be benefit and essential 
to accurately predicting the prognosis. However, almost all 
studies only focused on the first primary esophageal cancer. 
Studies of the patients with other tumor histories are rare.

As a large population-based source for cancer statistics, 
the Surveillance, Epidemiology, and End Results (SEER) 
database provides detailed clinical and survival information 
of patients with esophageal cancer. In this study the SEER 
database was used to investigate the clinicopathological 
characteristics and prognosis factors of second primary 
cancers in the esophagus, to help understand this 
unexplored subject.

Methods

We used the SEER database from 2000 and 2015, and 
patients were selected by SEER*Stat software version 8.3.5 
(https://seer.cancer.gov/seerstat/). The criteria of inclusion 
were as follows: (I) all cases were identified as esophageal 
cancer by using topography codes (C150-C155 and 
C158-C159) of the International Classification of Diseases 
for Oncology, 3rd Edition ICD-O-3 and with a site recode 
ICD-O-3/WHO 2008 using esophagus; (II) every patient 
had their own ID in the SEER database, and patient IDs 
were used to match patients whose esophageal cancer was 
the second primary tumor in the patient history (included 
patients), and patients whose esophageal cancer was the 
only primary tumor in the patient history were included as 
controls; (III) histologically confirmed malignant esophageal 
cancer, with complete follow-up data were included. The 
exclusion criteria were any case without histology or 
histology type not defined or unknown, T, N or M stages 
not specified, or survival information unknown.

We collected the following information for each patient 
from the SEER database: (I) the demographics of patients 
(age at diagnosis, sex, and race); (II) characteristics of 

tumors (tumor primary site, tumor size, pathological grade, 
TNM stage of the primary tumor, and histological type); 
therapy details (surgery, radiotherapy, and chemotherapy); 
and follow-up records (cause of death, cancer-specific 
death, and survival months). The TNM stage was manually 
adjusted following the AJCC eighth edition criteria (6).

Ethical statement

Ethics approval was exempted by the Ethics Committee 
of the Zhongshan Hospital, Fudan University (Shanghai, 
China), as the SEER is a publicly available database, and 
data extracted from SEER were identified as an exempted 
study.

Statistics analysis

Statistical analyses were performed using IBM SPSS 
statistics software, version 22.0 (IBM, Inc., Armonk, NY, 
USA) and R version 3.5.1 (R Foundation for Statistical 
Computing, Vienna, Austria). The R package included 
survival, rms, and ggplot2. Kaplan-Meier and log-rank 
tests were used to construct and compare survival curves. 
Patient variables with prognostic values were identified 
using Cox proportional hazards regression and reported as 
hazard ratios (HRs). Based on the multivariate regression 
analysis, the nomogram was integrated to further express 
the relationship between the significant variables in the 
prediction model. A two-tailed P value of <0.05 was 
considered statistically significant. Variables whose P 
values were <0.1 in univariate analyses were included in 
multivariate analyses.

The results of MVA were used to structure a nomogram 
and concordance index (c-index) and calibration plots were 
used to evaluate model performance as previously reported (7).  
The C-index ranges from 0.5 to 1.0 and a larger C-index 
indicated better accuracy for predicting prognoses. In 
addition, nomograms were used to compare the predicted 
survival with the observed survival.

Results

Patient characteristics

A total of 7,161 esophageal cancer patients were identified 
from the SEER registry, which included 813 patients 
(11.4%) whose esophageal cancers were the second primary 
tumor in patient history, and 6,348 patients (88.6%) whose 

https://seer.cancer.gov/seerstat/
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esophageal cancers were the only primary tumors in patient 
history. The baseline demographic, clinical, and pathological 
characteristics of all participants are summarized in Table 1.  
Patients with esophageal cancer as the second primary 
cancer (SEPC) included 679 men and 134 women with a 
median tumor size of 50 mm and interquartile range (IQR) 
of 30–70 mm. SEPC patients had a median age of 73 years 
and the majority of patients in this dataset were Caucasian 
(82.2%). The median year after primary cancer diagnosis 
was 7.29 and the IQR was 2–10 years. The histological 
grade was categorized into two groups: 44% grades I and 
II (well differentiated or moderately differentiated); 56% 
grades III and IV (poorly differentiated or undifferentiated). 
The most common AJCC stage was stage IV (29.6%), 
followed by stage III (28.7%), and stage II (22.3%). Of 
these patients, only 132 patients (16.2%) underwent surgery 
and as many as 506 patients had accepted radiation therapy 
and 507 patients (62.4%) had undergone chemotherapy.

Compared with only primary esophageal cancer (OPEC) 
patients, SEPC patients had significantly more early stage 
tumors (P<0.001), older age (P<0.001), more squamous cell 
carcinoma (P<0.001), fewer lower third of esophageal cancer 
(P<0.001) , and were less likely to have had chemotherapy 
(P=0.021).

The first primary cancer prior to esophageal cancer (FPC)

The cases of FPC are shown in Table S1. The most common 
cancer for FPC was genital system cancer (43.5%), followed 
by respiratory system cancer (12.3%), oral cavity and 
pharynx cancer (10.5%), and urinary system cancer (10.2%). 
Other SEPC patients were diagnosed with cancers derived 
from the colon and rectum (9.8%), lymphoma (5.8%), skin 
excluding basal and squamous (4.4%), and other organs 
(3.5%).

Survival analyses

The survival outcomes for SEPC patients and OPEC 
patients are shown in Figure 1. SEPC patients whose 
median overall survival (OS) was 7 (95% CI: 6.69–11.31) 
months, 3-year OS was 3.20% (95% CI: 4.38–2.02%), 
and 5-year OS was only 0.60% (95% CI: 0.01–1.19%) are 
shown. As shown in Figure 1, the OS was not significantly 
different in SEPC vs. OPEC patients.

A total of 813 patients with SEPC were included in 
univariate analyses and multivariate analyses to find the 
predictors of survival. As Figure 2 shows, age (P=0.318), 

sex (P=0.764), race (P=0.196), and year after primary 
cancer (P=0.481) diagnosis were not significant prognostic 
indicators for SEPC patients.

We further examined the correlation between survival 
and other parameters. As shown in Figure 3, AJCC stage 
(P=0.002) was a significant prognostic indicator for SEPC 
patients, while others were not. As shown in Figure 4, 
patients who underwent surgery (P<0.001), chemotherapy 
(P<0.001), or radiotherapy (P<0.001)  had significantly 
better OS than those who did not, and univariate analyses 
revealed that T stage (P<0.001) and M stage (P<0.001) were 
risk factors, while N stage (P=0.701), tumor size (P=0.348), 
and location (P=0.984) did not significantly affect OS.

Cox regression analysis

All risk factors whose P value was <0.1 in univariate 
analyses were applied to multivariate analyses, except stage, 
considering that stage was relevant to T, N, and M. The 
results showed that, M stage (P=0.007), surgery (P<0.001), 
and chemotherapy (P<0.001) remained independent 
prognostic predictors for SEPC patients, which could 
predict survival. Grade, histological type, T and N stage, 
radiation, and the location of FPC were not independent 
prognostic predictors. The details of the correlations 
between survival and factors mentioned above are shown in 
Table 2.

Construction and validation of a nomogram

A nomogram, which was based on the significant risk factors 
including three factors (M stage, surgery and chemotherapy) 
identified in multivariate analyses, is shown in Figure 5. OS 
could be predicted by adding the points corresponding to 
the patient’s characteristics. The c-index of this nomogram 
was 0.724 (95% CI: 0.721–0.727), which showed good 
predictive ability. The calibration plot based on bootstrap 
resampling validation is illustrated in Figure S1, which was 
nearly a diagonal line, indicating a good prediction model. 
SEPC total points of patients in the nomogram (P<0.001) 
were significantly related to OS (Figure S2).

Discussion

In this study, 800 patients with SEPC were identified 
in the SEER database. Compared with OPEC patients, 
SEPC patients had significantly more early stage tumors, 
older age, less adenocarcinoma, fewer lower third of 
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Table 1 Baseline characteristics of SPEC and OPEC patients

Patient characteristic SPEC OPEC P value

Age (years), median [IQR] 73 [65–80] 66 [58–75] <0.001

Year after FPC diagnosis, median [IQR] 7.29 [2–10] –

Sex, n (%) 0.125

Male 679 (83.5) 5,161 (81.3)

Female 134 (16.5) 1,187 (18.7)

Race, n (%) 0.259

White 668 (82.2) 5,247 (82.7)

Black 106 (13.0) 733 (11.5)

Others 39 (4.8) 368 (5.8)

Grade 3–4, n (%) 371 (45.6) 2,976 (46.9) 0.203

Tumor size (cm), median [IQR] 50 [30–70] 50 [35–70] 0.172

Primary site, n (%) <0.001

Upper third of esophagus 60 (7.4) 314 (4.9)

Middle third of esophagus 144 (17.7) 960 (15.1)

Lower third of esophagus 458 (56.3) 3,899 (61.4)

Others 151 (18.6) 1,175(18.6)

Histologic type, n (%) <0.001

Squamous cell carcinoma 412 (50.7) 3,768 (59.4)

Adenocarcinoma 336 (41.3) 2,126 (33.5)

Others 65 (8.0) 454 (7.1)

T stage, n (%) <0.001

T1 269 (33.1) 1,847 (29.1)

T2 103 (12.7) 603 (9.5)

T3 311 (38.3) 2,595 (40.9)

T4 130 (15.9) 1,303 (20.5)

N stage, n (%) <0.001

N0 342 (42.1) 2,241 (35.3)

N1 370 (45.5) 3,019 (47.6)

N2 74 (9.1) 764 (12.0)

N3 27 (3.3) 324 (5.1)

M stage, n (%) <0.001

M0 572 (70.4) 4,015 (63.2)

M1 241 (29.6) 2,333 (36.8)

Table 1 (continued)
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esophageal cancer, and were less likely to have undergone 
chemotherapy. The OS of patients with SPEC and OPEC 
were similar. M stage, surgery, and chemotherapy were 
found to be independently associated with survival. A 
nomogram based on three significant factors (M stage, 

surgery, and chemotherapy) was built to visually and 
effectively predict the 1-, 2-, and 3-year OS rates of SPEC 
patients.

Previous studies have suggested the most common FPC 
sites for SEPC are aerodigestive tract organs, such as the 
oral cavity, pharynx, larynx, and lung, and the three leading 
first primary cancer sites were oral cavity, pharynx, and 
respiratory system, which could be explained by a “field 
cancerization” effect (8-10). According to epidemiological 
reports that cancer of the tongue, pharynx, and esophagus 
are caused by the same carcinogens (such as alcohol and 
tobacco) and carcinogenic effects, which lead to cancers 
on the aerodigestive tract that can act on the esophagus 
at the same time, this could activate the development of 
esophageal cancer. The genital system, oral cavity and 
pharynx, and respiratory system were the top three types 
in our study. Muller et al. reported that the genital system 
can be a common site for SEPC (11). This finding may be 
explained by radiotherapy or chemotherapy having become 
a traditional measure to treat the genital system (12,13), 
so the sequelae of treatment, especially the side effects, 
which appear after radiotherapy treatment, along with other 
adverse stimulation, may contribute to the development 
of SEPC (14,15). Additionally, in our study, radiotherapy 

Table 1 (continued)

Patient characteristic SPEC OPEC P value

AJCC 8th stage, n (%) <0.001

I 158 (19.4) 804 (12.7)

II 181 (22.3) 1,071 (16.9)

III 233 (28.7) 2,140 (33.7)

IV 241 (29.6) 2,333 (36.7)

Surgery, n (%) 0.519

Performed 132 (16.2) 1,088 (17.1)

No/unknown 681 (83.8) 5,260 (82.9)

Radiation, n (%) 0.505

Performed 506 (62.2) 3,874 (61.0)

No/unknown 307 (37.8) 2,474 (39.0)

Chemotherapy, n (%) 0.021

Performed 507 (62.4) 4,218 (66.4)

No/unknown 306 (37.6) 2,130 (33.6)

SPEC, esophageal cancer as the second primary cancer; OPEC, only primary esophageal cancer; IQR, interquartile range; OS, overall 
survival.
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was not an independent risk factor, which can influence the 
survival of SEPC, in agreement with a past report (16). The 
problem of SEPC among genital system cancer survivors 
may be related to treatment side effects or to etiological 
associations for multiple cancers.

In contrast, in our study, patients who had chemotherapy 
had a better OS than patients without chemotherapy, 
which was consistent with a previous study (17). Thus, we 
urge further investigation to establish a balance between 
radiotherapy and chemotherapy treatments. Our study also 
demonstrated that some sites can be FPC sites, such as in 
the colon, rectum, and lymphoma, which was consistent 
with previous studies (18,19), while some other cancers 
have lower incidences, such as for mesothelioma, or a high 

mortality, such as pancreatic cancer and liver cancer.
To our knowledge, SEPC patients should have a poorer 

prognosis than OPEC patients (20). Lee et al. reported 
that worse nutritional status, older age, significantly lower 
serum albumin, and body mass index may contribute to the 
poorer prognosis. Nevertheless, studies also reported that 
patients with OPEC did not have significantly better OS 
than SEPC patients (21,22). Additionally, there was only 
one study focusing on this theme, which included more than 
800 patients with esophageal cancer. Poon et al. (23) used 
a database of 1,055 patients in Hong Kong, and found no 
differences in survival between SEPC patients and OPEC 
patients. In our study, the OS of patients with SEPC and 
OPEC were similar, with a median OS of SEPC patients 
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Figure 3 Kaplan-Meier estimate of overall survival of patients by 
(A) histological grade, (B) AJCC stage, and (C) histological type.
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and OPEC patients both being 7 months, which agreed 
with previous studies. Male patients comprised a larger 
percentage than female patients for both SEPC and OPEC 
patients (males comprised over 80% in both SEPC and 
OPEC groups), and other studies also showed a strong male 
predominance in study cohorts (20,22), with males more 
likely to have had exposures to tobacco and alcohol. This 
may be the reason for the male predominance.

Kumagai et al. reported that SEPC was commonly 
related to more I stages and less IV stages than OPEC 
(24,25). This result was consistent with that of our study. 
It was suggested that because patients with FPC may have 
more chance to check on their health, they were more 
likely to have early stage EC. In our study, we found the 
most common location of EC was the lower third of the 
esophagus, and histological grades were similar between 
SEPC and OPEC patients, which confirmed the results of 
previous studies (20,26). However, patients with SEPC had 
fewer lower third EC and had more adenocarcinoma than 
OPEC patients in our study. However, the results were 
difficult to compare because of differences in the study 
cohorts, methods for calculating data, or simply chance 
variations may have caused these differences.

M stage, surgery, and chemotherapy were independent 
risk factors following MVA, as shown with a nomogram 
based on these risk factors. Intriguingly, some of the 
TNM descriptors like T and N were not significant in 
our univariate or multivariate analyses. After the deep 
consideration, we thought it was because the lumen 
structure and anatomy of the esophagus had been changed 
and rebuilt both in patients with surgery or non-surgery 
such as radiotherapy and chemotherapy. For those patients 
who underwent surgery with the primary esophageal cancer, 
their lymph nodes around the esophageal had been dissected 
and it was difficult or meaningless to evaluate accurately 
again when the patients had the secondary esophageal 
cancer. Besides, the sample size, or poorly description in the 
database may also have an effect on our results.

In our nomogram, surgery had a strong impact on OS, 
and patients who had surgery had a better OS. Otowa 
et al. reported that surgical resection could be safely 
performed in SEPC patients despite the other factors, 
such as more blood loss or longer operation time that 
could complicate the procedure (22). In a previous study, 
surgery was a preferred treatment for patients whose 
time of diagnosis between FPC and SEPC was more than  
1 year (16), especially in FPC of neck and head cancers, 
and the benefits of surgery were greater with resection at 

Figure 5 Calibration plots of the nomogram prediction of (A) 
1-year, (B) 2-year, and (C) 3-year overall survival of SEPC patients. 
The red line represents equality of the observed and predicted 
probability. SEPC, second primary cancer.
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Table 2 Univariate and multivariate Cox proportional hazards analysis

Independent variables
Univariate analysis Multivariate analysis

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

Age (years) 0.318 Not included

30–59 Reference

60–69 1.068 (0.838–1.362) 0.592

70–79 1.141 (0.904–1.440) 0.268

80+ 1.232 (0.964–1.575) 0.096

Year after FPC diagnosis 0.481 Not included

0–2 Reference

3–6 0.903 (0.742–1.100) 0.311

7–10 1.042 (0.822–1.261) 0.677

10+ 0.933 (0.720–1.207) 0.537

Sex 0.764 Not included

Female Reference

Male 1.030 (0.851–1.246) 0.764

Race 0.196 Not included

White Reference

Black 1.119 (0.908–1.379) 0.293

Others 1.306 (0.933–1.830) 0.120

Grade 0.318 Not included

Well/moderately Reference

Poorly/undifferentiated 1.083 (0.926–1.268) 0.318

Tumor size 1.001 (0.999–1.003) 0.348 Not included

Location 0.984 Not included

Upper third of esophagus Reference

Middle third of esophagus 1.065 (0.783–1.447) 0.688

Lower third of esophagus 1.073 (0.816–1.412) 0.613

Others 1.097 (0.799–1.506) 0.566

Histologic type 0.104 0.419

Squamous cell carcinoma Reference Reference

Adenocarcinoma 0.945 (0.816–1.096) 0.455 1.042 (0.871–1.247) 0.650

Others 1.256 (0.962–1.640) 0.094 1.271 (0.890–1.816) 0.187

T stage <0.001 0.449

T1 Reference Reference

T2 0.751 (0.595–0.948) 0.016 0.947 (0.721–1.242) 0.692

T3 0.916 (0.775–1.082) 0.301 1.137 (0.933–1.386) 0.204

T4 1.123 (0.906–1.392) 0.291 1.084 (0.843–1.394) 0.529

Table 2 (continued)
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Table 2 (continued)

Independent variables
Univariate analysis Multivariate analysis

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

N stage 0.701 Not included

N0 Reference

N1 1.095 (0.942–1.247) 0.238

N2 1.060 (0.820–1.369) 0.657

N3 1.080 (0.729–1.599) 0.703

M stage <0.001 0 0.007

M0 Reference Reference

M1 1.342 (1.150–1.567) <0.001 1.283 (1.072–1.535) 0.007

AJCC 8th stage 0.002 Not included

I Reference

II 1.072 (0.860–1.337) 0.537

III 1.095 (0.891–1.347) 0.388

IV 1.424 (1.157–1.751) 0.001

Surgery <0.001 <0.001

No/unknown Reference Reference

Performed 0.623 (0.513–0.756) <0.001 0.650 (0.526–0.804) <0.001

Radiation <0.001 0 0.063

No/unknown Reference Reference

Performed 0.724 (0.626–0.837) <0.001 0.846 (0.709–1.009) 0.063

Chemotherapy <0.001 < <0.001

No/unknown Reference Reference

Performed 0.607 (0.525–0.703) <0.001 0.603 (0.505–0.720) <0.001

Sites of FPC 0.096 0 0.359

Skin* Reference Reference

Lymphoma 1.095 (0.704–1.703) 0.687 1.088 (0.678–1.746) 0.725

Colon and rectum 0.952 (0.637–1.422) 0.810 0.968 (0.634–1.479) 0.882

Urinary system 1.214 (0.816–1.805) 0.339 1.307 (0.855–1.998) 0.216

Oral cavity and pharynx 1.079 (0.725–1.606) 0.707 1.166 (0.763–1.782) 0.478

Respiratory system 1.390 (0.944–2.046) 0.095 1.335 (0.882–2.020) 0.172

Male genital system 1.061 (0.747–1.507) 0.740 1.097 (0.761–1.582) 0.620

Others 1.465 (0.951–2.258) 0.083 1.457 (0.906–2.343) 0.120

*, skin excluding basal and squamous. FPC, first primary cancer prior to esophageal cancer.

an early stage (27,28). While for patients whose time of 
diagnosis between FPC and SEPC was less than one year, 
Lee showed surgical treatment also could be an established 
strategy (29). However, although the ideal surgery methods 

for SEPC included such factors as tumor location, patient 
conditions, the surgeon’s preference, and expertise, the 
study still showed that postoperative mortality rates were 
relatively high (range, 8.5–9.3%) (24,26). Lee et al. reported 
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that surgical treatment for SEPC patients may not be 
the optimal choice due to technical complexity, different 
biological behaviors of multiple tumors, extra costs, and 
increased patient anxiety (20). However, patients must be 
carefully evaluated before the decision for surgery, thus 
additional research is needed to decide whether to perform 
operations. In difficult cases, chemoradiotherapy served as 
an optimal alternative (30). However, additional research is 
needed to resolve this important question.

There were several limitations in this study. First, it 
was possible that the sample size may have contributed 
to a lack of association, such as having no cases of liver 
cancers as FPC from the SEER database (date not shown). 
Second, because the SEER database did not provide 
detailed information (such as the details of chemotherapy or 
radiotherapy), and we could not explore those variables since 
the incomplete data in our study. Third, the patients were 
from the USA, thus, the results might not be applicable to 
other populations. Finally, this was a retrospective study, 
and we found that in our study SEPC patients and OPEC 
patient had similar clinicopathological characteristics and 
prognosis and there was little difference in management 
between SEPC and other tumors, to confirm the results, 
large randomized controlled trial studies may be required. 
Nonetheless, the long follow-up and relatively larger 
sample size of our study provided us with better data than 
other studies, to evaluate the risk for SEPC, and to provide 
a novel, predictive model of SEPC prognosis.

Conclusions

Patients with SEPC appeared with unique clinical 
pathological features compared with OPEC patients, 
including older age, more squamous cell carcinoma, early 
stage esophageal cancer, and lower third of esophageal 
cancer, while SEPC patients and OPEC patients had similar 
survival curves. M stage, surgery, and chemotherapy were 
independently associated with OS. A nomogram prediction 
based on M stage, surgery, and chemotherapy was used to 
predict 1-, 3- , and 5-year OS of these patients.
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Table S1 Sits of FPC

Site of FPC Total (%)

Skin* 36 (4.4)

Lymphoma 47 (5.8)

Colon and rectum 80 (9.8)

Urinary system 83 (10.2)

Oral cavity and pharynx 85 (10.5)

Respiratory system 100 (12.3)

Genital system 354 (43.5)

Others 28 (3.5)

Total 813 (100)

*, skin excluding basal and squamous. FPC, first primary cancer 
prior to esophageal cancer. 

Supplementary

Figure S1 Nomogram to predict 1-, 2-, and 3-year overall survival of patients with SEPC. SEPC, second primary cancer.
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Figure S2 Kaplan-Meier estimate of overall survival in patients treated by total points in nomogram.


