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Abstract
Background: The objective of this research was to develop a nomogram for predicting the outcome of
giant cell carcinoma of the lung (GCCL).

Methods: 436 cases of GCCL were obtained from the Surveillance, Epidemiology, and End Results (SEER)
database. Cases were divided into two cohort: training and validation cohort. Prognosis factors of
nomogram were chosen using Cox regression model. The nomogram constructed with the training cohort
was subsequently validated by the validation cohort. Harrell's concordance index (C-index), the decision
curve analysis (DCA) and calibration curves were used to validate the performance of the nomogram.

Results: The survival curves of the OS and cancer-speci�c survival CSS shows that 1-year and 5-year OS
of all enrolled cases were 0.316 and 0.163, 1-year and 5-year CSS were 0.407 and 0.262. Age, marital
status, site, T stage, N stage, M stage, surgery, radiation therapy, and chemotherapy were used to create
the nomogram as independent prognostic variables. The C-index value were 0.774 and 0.765 for the
training and validation cohort. The predicted survival probability and the actual survival probability
showed a great consistency in calibration curves. The DCA revealed the nomogram had good clinical
utility.

Conclusions: A nomogram was developed to predict the outcome of patients with GCCL and the
validation shows its excellent performance.

Introduction
Giant cell carcinoma of the lung(GCCL) is a rare pathological type of lung cancer, accounting for only
0.11% of non-small cell lung cancers (NSCLCs).[1] In the 2015 World Health Organization (WHO)
classi�cation of lung cancer, GCCL is classi�ed as a subtype of pulmonary sarcomatoid
carcinomas(PSCs). The other four pathological subtypes that are also belong to PSCs are pleomorphic
carcinoma, carcinosarcoma, spindle cell carcinoma and pulmonary blastoma[2]. In 1958, Nash and Stout
�rst studied the histological morphology of GCCL and recognized GCCL as a unique pathological
entity[3]. However, there have been some descriptive reports about this type of tumour before[4]. The
GCCL is characterized by the presence of highly pleomorphic mononucleated or multinucleated loose
tumour giant cells.[5] The GCCL is an exceptionally aggressive carcinoma with a prognosis that is
signi�cantly worse than that of most other non-small cell lung tumors (NSCLCs).[6, 7] The 5-year overall
survival(OS) is less than 10%.[1] 

A nomogram is a two-dimensional graph used to calculate certain indicators[8-10]. It combines multiple
predictive factors, and then draws them on the same plane with scaled line segments. The corresponding
survival rate and other calculation results can be obtained by adding the values of each prognostic factor.
In recent years, nomograms have been increasingly used in the medical �eld. There are many
nomograms for breast cancer, gastric cancer, colorectal cancer and oesophageal cancer[11-14]. For lung
cancer, there are many studies on the prognosis model of NSCLCs[15-18], but there is no research to
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construct a prognostic model for GCCL. Based on the Surveillance, Epidemiology, and End Results (SEER)
database, this research constructed the �rst nomogram for GCCL to provide a basis for the diagnosis and
treatment in the future. 

Methods
Patient selection

This retrospective study recruited cases from the SEER database (www.seer.cancer.gov). The National
Cancer Institute (NCI) supports the SEER database, which has information on more than 30% of the US
population. The SEER*Stat 8.3.6 software was installed to extract the information of cases. The
following were the selection criteria: (1) the site was Lung and bronchus; (2) the year of diagnosis was
1998–2016; (3) the histology was Giant cell carcinoma. Exclusion criteria included: (1) cases with
unknown surgery information; (2) cases with inaccurate TNM stage information. (3) cases with unknown
follow-up time. In the end, 436 cases were enrolled in the study (Figure 1).

Outcome

Age, sex, marital status, race, site, laterality, TNM stage, T stage, N stage, M stage, surgery, radiation
therapy, chemotherapy, survival time and vital status were among the variables collected from the SEER
database. The patients were separated into two groups depending on their age (≤70 years, >70 years).
Marital status was divided into two categories: single/unknown (single, separated, widowed, divorced,
unknown) and married. According to the AJCC Cancer Staging Manual (8th edition), all the cases were
transferred to the current TNM stage method[19]. Surgery was classi�ed into two categories (surgery:
SEER codes 21,22,25,30, 33, 45-48, 55,56,65,66,70,80,90; no surgery: SEER codes 00). Radiation was
classi�ed into 2 groups (Yes: Radiation after surgery, Radiation before and after surgery, Radiation prior to
surgery, Sequence unknown, but both were given; No: No radiation and/or cancer-directed surgery).
Chemotherapy included 2 variables Yes and No/unknown). All cases were randomly separated into
training cohort and validation cohort in a 7:3 ratio. Nomogram was established based on the training
cohort, while the nomogram was validated using the validation cohort.

Statistical analysis

The Chi-square (χ2) test was used to compare the clinicopathological features of training cohort and
validation cohort. OS and CSS were calculated using the Kaplan-Meier method. For univariate and
multivariate analysis, the Cox proportional hazard regression model was applied. Variables with a P value
less than 0.1 in univariate analysis were included in multivariate analysis. SPSS version 25.0 software
(IBM Company, USA) was applied for the above statistical analysis. A P value of less than 0.05 was
chosen as the statistical signi�cance level.

Using R software version 4.0.0 (R Foundation, Austria), we created a nomogram. The prediction accuracy
of the nomogram was assessed by Harrell’s C-index. To visualize the difference between expected and
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real OS, calibration curves were created. The “rms” package of R software was used to construct the
nomogram and calibration curve. The clinical utility of the nomogram was estimated by the decision
curve analysis (DCA), a new method for assessing the prediction model[20, 21].

Results
Baseline characteristics

This study cohort enrolled 436 cases. At a 3:7 ratio, cases were randomly separated into validation cohort
and training cohort. The characteristics of the GCCL patients in the training and validation cohorts are
summarized in Table 1. The majority of enrolled patients (64.7%) were younger than 70 years. Males
comprised approximately 63.3% of the patients. The majority of patients were white and married. Most
(57.3%) tumours are located in the upper lobe. Tumours are more common in the right lung (56.2%). As
GCCL is a highly malignant tumour, patients with TNM stage IV account for about 41.3%. Most patients
were with lymph node metastasis account for 61.5%, cases with distant metastasis account for 41.3%.
Treatment was administered to 36.5% of patients via surgery, 16.7% percent via radiotherapy, and 42.9%
via chemotherapy. The Kaplan-Meier survival curves for overall survival (OS) and cancer-speci�c survival
(CSS) are shown in Figure 2. The 1-year and 5-year OS of all enrolled cases were 0.316 and 0.163. The 1-
year and 5-year CSS were 0.407 and 0.262.(Figure 2)

Prognostic factors for GCCL patients

For univariate and multivariate analyses of OS, a Cox proportional hazards regression model was
applied. As shown in Table2, 10 factors (age, marital status, site, T stage, N stage, M stage, TNM stage,
surgery, chemotherapy and radiation therapy) were statistically signi�cant (P 0.1) in the univariate
analysis. A multicollinearity diagnostic was conducted prior to performing the multivariate analysis. The
variance in�ation factor (VIF) for age, marital status, site, T stage, N stage, M stage, TNM stage, surgery,
radiation therapy and chemotherapy were 1.067, 1.047, 1.046, 1.504, 1.785, 3.089, 5.466,1.956, 1.245 and
1.116. It could be seen that the VIF of the TNM stage was the largest, which indicated there was a
multicollinearity problem. After removing the TNM stage and performing multicollinearity diagnostic
again, the VIF values of variables were all less than 2 (age, 1.067; marital status, 1.032; site, 1.045; T
stage, 1.261; N stage, 1.366, M stage 1.322, surgery, 1.818; radiation therapy, 1.177 and chemotherapy,
1.115). It indicated there was no signi�cant multicollinearity problem. As shown in Table 3, these 9
variables were enrolled in the multivariate analysis. T stage, N stage, M stage, surgery and chemotherapy
were statistically signi�cant independent prognostic factors for GCCL (P<0.05). 

Development and validation of the nomogram

As shown in Figure 3, A nomogram was created to predict the 5-year and 1-year OS of GCCL patients
based on the 9 variables listed above (age, marital status, site, T stage, N stage, M stage, surgery,
radiation therapy and chemotherapy). In the prediction model we created, it can be seen that surgery had
the greatest impact on OS. The total score was obtained by adding the scores of every item, and we could
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get the survival probability from the nomogram based on the total score. The validation cohort's Harrell's
c-index was 0.765, while the training cohort's was 0.774. As illustrated in Figure 4, the calibration curves
showed that the predicted survival probability is quite consistent with the actual survival probability.
Finally, we conducted DCA to assess the clinical utility of this nomogram. As shown in Figure 5, The x-
axis represents the threshold probabilities, while the y-axis represents the net bene�t calculated by adding
true positives and subtracting false positives. As shown in DCA, the net bene�t of nomogram with
threshold probabilities ranging from 0 to 1.0 provided a better than the other two extreme cases (the
horizontal line and the gray line). The DCA demonstrated strong positive net bene�ts of this nomogram
within a wide threshold probability range, con�rming the bene�cial clinical utility of this nomogram.
(Figure 3)

Discussion
As a type of non-small cell lung cancer (NSCLC), pulmonary sarcomatoid carcinomas (PSCs) has the
characteristics of low incidence, early metastasis and low survival rate[6, 7].Giant cell carcinoma of the
lung (GCCL) is one of the pathological subtypes of PSCs. Due to its low incidence, there are few studies
on GCCL. Currently, most studies on GCCL are case reports, and population-based studies are lacking. As
a prediction model, nomogram has been widely used to predict the prognosis of cancers. Many
nomograms are available for NSCLC[15, 18, 22, 23], but none of them focus on GCCL. Many studies
focusing on PSCs and suggest that distant metastasis, tumour size, complete resection, TNM staging,
tissue subtype were independent prognostic factors[24, 25]. However, there is no research on the
prognostic prediction model of GCCL.

In this study, more than 400 cases with GCCL were enrolled, these cases were randomly divided into
training cohort and validation cohort which were used to construct and validate the nomogram. Through
univariate analysis, the statistically signi�cant variables were selected and included in multivariate
analysis, and this nomogram was constructed based on the Cox proportional hazards model. Finally, nine
variables, including age, marital status, site, T stage, N stage, M stage, surgery, chemotherapy and
radiation therapy were selected as signi�cant prognostic factors for the construction of nomogram.
Validation of the model showed its great performance in predicting the prognosis of GCCL. Subsequently,
the calibration curve and DCA both con�rmed that this nomogram has a good performance in predicting
the prognosis of GCCL.

In this study, Table 1 shows the clinicopathological characteristics of GCCL. It can be seen that for
patients with GCCL, Patients over 70 years old account for 35.5%, and most of them are male (63.3 %).
This is consistent with the conclusions of several studies on PSCs[7, 26]. Among all the cases included in
the study, most patients were married patients (55.5%), and white people accounted for the majority
(78.4%). GCCL is mostly found in the upper lobe (57.3%), and the right lung is more prevalent than the left
(56.2% vs 41.4 %). This is also in line with prior �ndings on PSCs[6, 7, 26], implying that the clinical
features of GCCL are similar to those of PSCs.
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Regarding the pathological characteristics of GCCL, Table 1 shows that patients with T4 accounted for
42.4% of GCCL patients, and the majority of patients (61.5%) had lymph node metastases or distant
metastasis (41.3%). This is consistent with the conclusions of several studies on PSCs: PSCs is a highly
aggressive tumor that is generally large in size and accompanied by metastases when discovered[24, 27-
29]. Figure 2 shows that the 1-year and 5-year OS of GCCL are only 0.316 and 0.163. In 2015, Li et al.
reported 38 patients with PSCs, 1-year and 5-year OS were 68.4% and 18.4%[30]. In 2018, Mehrad et al.
reported 53 cases of surgically treated PSCs, 5-year overall survival was 12.5%[31]. Other studies on PSCs
suggest that the 5-year OS is about 10-20%[32, 33]. The prognosis for GCCL is similar with prior PSCs
research �ndings. We see that GCCL is a highly malignant lung cancer with poor prognosis.

According to the nomogram (Figure 3), a total of 9 prognostic factors for predicting GCCL were included.
Patients over the age of 70 have a poor prognosis. The prognosis of married patients is better than that
of single patients, which is consistent with the �ndings of several research on breast cancer, prostate
cancer and colorectal cancer, which reveal that married cancer patients have a better prognosis [34, 35].
According to some study, the in�uence of marital status on tumor prognosis is attributable to married
patients' better mood and quality of life[36]. According to the nomogram, tumour site is also a prognosis
factor of GCCL. Lung NOS has the greatest impact on the prognosis. This may be related to the patients
whose tumour location is registered as Lung NOS in the SEER database are the patients with complex
tumour conditions such as multiple tumours or located in the main trachea. In addition, we see that
prognosis of the lower lobe is worse than that of the upper lobe and middle lobe. There is no relevant
research to con�rm this conclusion. More research into the relationship between lung tumor site and
prognosis is needed in the future to con�rm whether pulmonary tumors in the lower lobe have a worse
prognosis.

According to the nomogram in this study, T stage, N stage and M stage all affect the patients’ OS, but for
T stage and N stage, it can be seen that the difference between T3 and T4 on the prognosis is negligible,
and prognosis of T4 is slightly better than T3. The prognosis of cases with lymph node metastasis is
worse than that of cases with no lymph node metastasis, but there are small differences in prognosis
between N1, N2, and N3, and the prognosis of N2 is slightly better than that of N1, suggesting that the
traditional TNM stage may not be applicable for GCCL. More research is needed to improve the staging
rules for GCCL.

According to the nomogram, it is obvious that surgery has the greatest impact on the prognosis in the
treatment of GCCL. Surgical treatment can signi�cantly improve the prognosis. This is consistent with the
current view that surgery is the most effective treatment for PSCs[7, 26]. Furthermore, the nomogram
shows that chemotherapy can enhance the patient's OS greatly, however some recent research on PSCs
reveal that the therapeutic e�cacy of chemotherapy is still debatable [24, 37, 38]. Looking forward to
more studies on GCCL in the future to clarify the effect of chemotherapy as a treatment method for
GCCL. According to the prediction model constructed in this study, the impact of radiation on GCCL can
be demonstrated to be limited. Therefore, for patients with GCCL, surgery is highly recommended. Despite
the fact that the current therapeutic impact of chemotherapy on PSCs is controversial, chemotherapy,
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according to this study, can greatly improve the prognosis of GCCL, making it a recommended treatment
option. Radiotherapy is not the �rst choice of treatment for GCCL because it has little in�uence on the
prognosis.

This research still has certain limitations. First, selection bias is inevitable because this is a retrospective
study. Second, because the information originated from the SEER database, certain information that
could have in�uenced the prognosis, such as comorbidities, surgical complications, and chemotherapy
regimen was not included. Third, due to the low incidence of GCCL, su�cient external data for validation
in this study was not available. More prospective multicentre trials on GCCL are likely to be undertaken in
the future to improve the diagnosis and treatment of this disease.

Conclusions
We developed a prediction model to predict the prognosis of GCCL. The subsequent validation con�rms
its excellent performance. The nomogram can be used to predict prognosis of GCCL and provide
recommendations for individualized treatment.
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Table-1 Characteristics of GCCL patients in the training cohort and validation cohort.

Variable Total Training cohort Validation cohort P value

N % N % N %

436     (100) 305  (70) 131(30)

Age 0.351 

≤70 282 64.7 193 63.3 89 67.9

70 154 35.3 112 36.7 42 32.1

Sex 0.505 

 Female 160 36.7 115 37.7 45 34.4

 Male 276 63.3 190 62.3 86 65.6

Marital status 0.630 

 Married 242 55.5 167 54.8 75 57.3

 Single or unknown 194 44.5 138 45.2 56 42.7

Race 0.849 

 White 342 78.4 237 77.7 105 80.2

 Black 69 15.8 50 16.4 19 14.5

 Others 25 5.7 18 5.9 7 5.3

Site 0.823 

 Main bronchus 22     (5.0) 18 5.9 4 3.1

 Upper lobe 250 57.3 172 56.4 78 59.5

 Middle lobe 19 4.4 13 4.3 6 4.6

 Lower lobe 102 23.4 71 23.3 31 23.7

 Overlapping lesion 8 1.8 5 1.6 3 2.3

 Lung, NOS 35 8.0 26 8.5 9 6.9

Laterality 0.784 

 Bilateral 5  (1.1) 3  (1.0) 2  (1.5)

 Left 181     (41.5) 123  (40.3) 58  (44.3)

 Right 245     (56.2) 175  (57.4) 70  (53.4)

 Unknown 5     (1.1) 4  (1.3) 1  (0.8)
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TNM stage 0.794 

 I 84     (19.3) 57  (18.7) 27  (20.6)

 II 38     (8.7) 28  (9.2) 10  (7.6)

 III 134  (30.7) 97  (31.8) 37  (28.2)

 IV 180     (41.3) 123  (40.3) 57  (43.5)

T stage 0.642 

 T1 37     (8.5) 23  (7.5) 14  (10.7)

 T2 166     (38.1) 117 (38.4) 49  (37.4)

 T3 48     (11.0) 36  (11.8) 12  (9.2)

 T4 185     (42.4) 129  (42.3 56  (42.7)

N stage 0.203 

 N0 168     (38.5) 111  (36.4) 57  (43.5)

 N1 54     (12.4) 35  (11.5) 19  (14.5)

 N2 157     (36.0) 114  (37.5) 43  (32.8)

 N3 57     (13.1) 45  (14.8) 12  (9.2)

M stage 0.536 

 M0 256     (58.7) 182  (59.7) 74  (56.5)

 M1 180     (41.3) 123  (40.3) 57  (43.5)

Surgery 0.629 

 No surgery 277     (63.5) 196  (64.3) 81  (61.8)

 Surgery 159     (36.5) 109  (35.7) 50  (38.2)

Radiation therapy 0.794 

 Yes 73     (16.7) 52  (17.0) 21  (16.0)

 No 363     (83.3) 253  (83.0) 110  (84.0)

Chemotherapy 0.501 

 Yes 187     (42.9) 134  (43.9) 53  (40.5)

 No or unknown 249     (57.1) 171  (56.1) 78  (59.5)  
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Table-2 Univariate Cox analysis of overall survival in training cohort

Variable HR 95%CI P value

Age 0.024

≤70 Reference

70 1.326 1.038-1.695 0.024

Sex 0.335

 Female Reference

 Male 1.129 0.882-1.444 0.335

Marital status 0.030

 Single or unknown Reference

 Married 0.767 0.604-0.975 0.030

Race 0.491

 White Reference

 Black 1.210 0.881-1.661 0.238

 Others 0.988 0.594-1.645 0.964

Site <0.001

 Main bronchus Reference

 Upper lobe 0.615 0.372-1.018 0.059

 Middle lobe 0.509 0.233-1.114 0.091

 Lower lobe 0.835 0.490-1.423 0.508

 Overlapping lesion 0.225 0.066-0.770 0.017

 Lung, NOS 1.609 0.870-2.976 0.130

Laterality 0.335

 Bilateral Reference

 Left 0.886 0.281-2.792 0.836

 Right 0.817 0.260-2.566 0.730

 Unknown 2.001 0.447-8.960 0.364

TNM stage <0.001

 I Reference
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 II 1.880 1.124-3.142 0.016

 III 2.930 1.991-4.312 <0.001

 IV 6.266 4.203-9.340 <0.001

T stage <0.001

 T1 Reference

 T2 1.376 0.822-2.303 0.224

 T3 2.098 1.170-3.762 0.013

 T4 3.202 1.918-5.347 <0.001

N stage <0.001

 N0 Reference

 N1 1.844 1.217-2.793 0.004

 N2 2.202 1.646-2.945 <0.001

 N3 3.260 2.237-4.751 <0.001

M stage <0.001

 M0 Reference

 M1 3.147 2.408-4.113 <0.001

Surgery <0.001

 No surgery Reference

 Surgery 0.245 0.182-0.330 <0.001

Radiation therapy 0.007

 No Reference

 Yes 0.640 0..463-0.885 0.007

Chemotherapy 0.026

 No or unknown Reference

 Yes 0.759 0.596-0.967 0.026

 



Page 16/20

Table-3 Multivariate Cox analysis of overall survival in training cohort

Variable HR 95%CI P value

Age   0.166

≤70 Reference   

70 1.205 0.926-1.568 0.166

Marital status   0.398

 Single or unknown Reference   

 Married 0.898 0.700-1.152 0.398

Site   0.318

 Main bronchus Reference   

 Upper lobe 0.917 0.544-1.546 0.745

 Middle lobe 0.819 0.365-1.840 0.628

 Lower lobe 1.230 0.707-2.139 0.464

 Overlapping lesion 0.819 0.230-2.919 0.758

 Lung, NOS 1.382 0.736-2.596 0.315

T stage   0.020

 T1 Reference   

 T2 1.617 0.958-2.730 0.072

 T3 2.164 1.184-3.958 0.012

 T4 2.148 1.265-3.647 0.005

N stage   0.024

 N0 Reference   

 N1 1.646 1.059-2.558 0.027

 N2 1.568 1.133-2.172 0.007

 N3 1.680 1.095-2.578 0.017

M stage   <0.001

 M0 Reference   

 M1 1.790 1.321-2.426 <0.001

Surgery   <0.001
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 No surgery Reference   

 Surgery 0.356 0.241-0.524 <0.001

Radiation therapy   0.970

 No Reference   

 Yes 0.993 0.696-1.418 0.970

Chemotherapy   <0.001

 No or unknown Reference   

 Yes 0.485 0.370-0.636 <0.001

Figures
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Figure 1

The diagram of the cases selection ( WHO :World Health Organization, ICD-O-3: 3rd edition of the
International Classi�cation Disease for Oncology).

Figure 2

Kaplan‐Meier survival curves of GCCL patients (A.OS, B.CSS).

Figure 3
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Nomogram for predicting 1-and 5-year overall survival of patients with GCCL

Figure 4

Calibration curves for predicting OS in the training cohort (A,1-year OS; C,5-year OS) and validation cohort
(B,1-year OS; D,5-year OS);
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Figure 5

DCA for predicting OS in the training cohort (A,1-year OS;C,5-year OS) and validation cohort B,1-year
OS;D,5-year OS
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