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Background: To analyze and predict the possibility of post-operative recurrence in non-functioning
pituitary adenoma (NFPA) patients, we investigated the clinical factors leading to tumor recurrence and built
a nomogram predictive model based on these risk factors.

Methods: A single-center retrospective study was performed. A total of 145 NFPA patients who underwent
surgical treatment at Shenzhen People’s Hospital from September 2013 to January 2019 were selected.
Among them, 52 patients were diagnosed with recurrence of NFPA according to follow-up investigations.
Binary logistic regression analysis was used to determine the significant risk factors. A nomogram model was
then built to predict recurrence using these factors.

Results: The univariate analysis and the binary logistic regression analysis showed that age, tumor size,
cavernous invasion, sphenoid sinus invasion, and surgical extension were significant factors affecting tumor
recurrence. We then built a nomogram model to predict post-operative recurrence in NFPA patients using
these factors. The correlation analysis indicated that sphenoid sinus invasion [hazard ratio (HR) =13.14, 95%
confidence interval (CI): 7.03-24.58, P<0.0001], cavernous sinus invasion (HR =7.53, 95% CI: 4.27-13.28,
P<0.0001), and tumor size (HR =11.06, 95% CI: 6.11-20.03, P<0.0001) could promote the recurrence of
NFPA. In contrast, advanced age (HR =0.50, 95% CI: 0.28-0.86, P<0.0001) and gross total resection (HR
=0.12, 95% CI: 0.07-0.22, P<0.0001) could effectively inhibit recurrence.

Conclusions: In this study, we developed a nomogram predictive model based on the significant
recurrence-associated factors for NFPA. This nomogram may aid neurosurgeons in the post-operative

prediction of recurrence, and may facilitate tailored counseling of individual patients.
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Introduction mass effects, and 57% exhibit invasive potential (1). Patients

Non-functioning pituitary adenomas (NFPAs) represent with NFPA are usually treated with operative therapy,

more than one-third of pituitary neuroendocrine especially transsphenoidal surgery (T'SS). However, several
tumors (PitNETs), which are benign and slow-glowing. studies have shown that the post-operative recurrence

Nonetheless, NFPAs may lead to complications of tumor rates range from 35% to 73% (2-5). Because of hormonal
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inactivity, NFPA are usually diagnosed until the occurrence
of headache, visual field defects, causing by compression
of macroadenomas, which resulting in the peripheral
invasion, incomplete excision, and high possibility of tumor
recurrence (6,7). The factors that predict post-surgery
recurrence of NFPA remain to be elucidated. NFPA are
not associated with any clinical hormonal syndrome, which
challenged for the early tumor diagnosis (8). Besides, NFPA
constitute nearly one third of pituitary adenomas, so it is
necessary to explore the independent predictive factors for
tumor recurrence of NFPA.

In previous studies, genetic markers and clinical factors
have shown potential predictive value for recurrence (1,9-12).
Chiloiro et al. suggested that a Ki-67 cut off value of 1.5%
was helpful for devising clinical follow-up plans (13).
Another study indicated that a Ki-67 labeling index (LI)
above 2.2% should attract more attention and require
shorter intervals of follow-up with early adjuvant therapy
and magnetic resonance imaging (MRI) scans (14). In
contrast, Yao et 4. showed no statistical significance of the
Ki-67 LI in primary (n=20) or recurrent tumors (n=15) (15).
Recently, Cheng et 4l. demonstrated a predictive model for
NFPA that could facilitate prognostic evaluation and guide
early interventions (9). In addition, the modified Knosp
classification and the new World Health Organization
(WHO) 2017 histopathological classification have
contributed to an enhanced understanding of prognosis and
predictive markers (12,16).

Efforts have been made to assess the association between
clinical variables and recurrence (17). However, attempts
to predict post-surgical recurrence by comprehensively
incorporating multiple variables have rarely been made,
especially in NFPA. A nomogram is a model that predicts
the probability of a particular outcome by summing the
scores of each risk factor. Nomograms can depict outcome
as a continuous probability, and can also graphically
demonstrate the combined effect of each variable. Previous
study has tried to build a nomogram model with non-
invasive radiomics approach to distinguish NFPA subtypes
of null cell adenomas and other subtypes (18). However, few
studies focused on the prediction of tumor recurrence by
using nomogram predictive model. In our present study, we
developed a nomogram by combining clinical variables and
clinical images to predict the post-operative recurrence of
NFPA. We present the following article in accordance with
the TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/gs-21-47).

© Gland Surgery. All rights reserved.
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Methods
Patient selection

This was a single-center retrospective study. A total of 145
patients with histologically confirmed NFPA who underwent
surgical resection at our institution from September
2013 to January 2019 were enrolled, including 98 men
and 47 women. Their age ranged from 26 to 82 years
(mean, 57 years), with a median follow-up of 43 months
(range, 36-100 months). Among them, 52 patients were
diagnosed with recurrence of NFPA. Patients treated with
chemotherapy or radiotherapy, or with a follow-up less than
3 years after surgical resection, were excluded.

The initial pathological diagnosis was based on
the cytological appearance of the tumor tissue with
immunohistochemistry. Histological subtypes were
defined according to the WHO 2017 classification of
neuroendocrine tumors. There was no discrepancy
between clinical data and pathological diagnosis. Tumors
were classified into gonadotroph (n=53), null-cell (n=31),
corticotroph (n=29), thyrotroph (n=14), and plurihomonal
Pit-1-positive (n=18) subtypes.

For all cases, tumor resection was performed with TSS,
and cavernous sinus invasion and sphenoid sinus invasion
status was determined according to the MR images and
operating records, where the performing neurosurgeons
documented their impressions. Surgery extension meant
total resection or partial resection of tumors. Tumor size,
cavernous sinus invasion, sphenoid sinus invasion, visual
defects, and surgical extensions are described in detail
in Table 1. The time of progression-free survival (PFS)
of NFPA patients was measured from TSS to tumor
recurrence, and was evaluated for further analysis. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). This study was approved by
the Ethics Committee of Shenzhen People’s Hospital (No.
LL-KY-2021005). Informed consent was obtained from all
individual participants included in the study.

Construction of the nomogram

The nomogram and calibration plots were generated
using the “rms” R package (version 3.4.3). The predictive
accuracy of this nomogram was estimated by a concordance
index, which showed the consistency between the actual and
predicted outcome. A calibration plot was used to visualize
the predictive accuracy of the nomogram. The model-
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Table 1 Basic clinical data of patients with non-functioning pituitary adenoma (NFPA)

Clinical characteristics Non-recurrence (n=93) Recurrence (n=52) P value
Age (years) 59.2+13.7 53.2+14.1 0.0130
Gender
Male 67 (72.0%) 31 (59.6%) 0.1250
Female 26 (28.0%) 21 (40.4%)
Tumor size (mm) 20.8+5.4 27.8+6.8 <0.0001
Cavernous sinus invasion
Yes 28 (30.1%) 47 (90.4%) <0.0001
No 65 (69.9%) 5(9.6%)
Sphenoid sinus invasion
Yes 15 (16.1%) 40 (76.92%) <0.0001
No 78 (83.9%) 12 (23.1%)
Visual defect
Yes 39 (41.9%) 30 (57.7%) 0.0680
No 54 (58.1%) 22 (42.3%)
Surgery extension
Total resection 66 (71.0%) 6 (11.5%) <0.0001
Partial resection 27 (29.0%) 46 (88.5%)
NFPA subtypes 0.2612
Gonadotroph 40 (43.0%) 13 (25.0%)
Null-cell 18 (19.6%) 13 (25.0%)
Corticotroph 16 (17.2%) 13 (25.0%)
Thyrotroph 9(9.7%) 5(9.6%)
Plurihormonal Pit-1-positive 10 (10.7%) 8 (15.4%)

predicted recurrence and actual outcome were plotted
on the x-axis and y-axis, respectively, and the 45° line
represented the best prediction.

Statistical analysis

Data analysis was performed using the commercially
available SPSS 22.0 statistical software (IBM Corp.,
Armonk, NY, USA). Count data are expressed as mean =
standard deviation (SD), and categorical data are expressed
as a percentage. According to the clinical characteristics,
the following 7 variables were included in this study:
gender, age, tumor size, cavernous invasion, sphenoid
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sinus invasion, visual defects, and surgical extension. P
values, odds ratios (OR) and 95% confidence intervals
(CIs) were used to describe all risk factors of recurrence
in this study. The x* and Student’s #-test were performed
in the univariate analysis to initially assess the relationship
between the aforementioned predictors and recurrence.
Subsequently, factors with P<0.05 were included in the
binary logistic regression analysis, which was used to
analyze the association between these factors and the risk of
recurrence. Correlations between the quantitative variables
were verified by Spearman’s correlation test. The Kaplan-
Meier method was used to estimate PFS. A P value <0.05
was considered statistically significant.
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Figure 1 Basic clinical date of patients with non-functioning pituitary adenoma (NFPA).

Results

Clinical characteristics of the progression-free and
recurrence groups

The baseline characteristics of all 145 participants are
summarized in 7able 1. The progression-free group included
67 male patients and 26 female patients, with an average
age of 59.3£13.7 years old and an average tumor size of
20.8+5.4 mm. The recurrence group had 31 males and 21
females at 53.2+14.1 years old and an average tumor size
of 27.8+£6.8 mm, respectively. Comparisons between the
progression-free group and the recurrence group suggested
that age, tumor size, cavernous sinus invasion, sphenoid sinus
invasion, and surgical extension were potential recurrence-
associated factors, while gender, visual defects, and NFPA
subtypes showed no statistical significance (7able I).

Analysis of risk factors for the recurrence of NFPA

After binary logistic regression analysis, it was confirmed
that age (P=0.001; OR =0.918; 95% CI: 0.871-0.967),
tumor size (P=0.004; OR =1.217; 95% CI: 1.064-1.393),
cavernous sinus invasion (P=0.008; OR =17.813; 95% CI:
2.147-147.763), sphenoid sinus invasion (P=0.0001; OR
=41.004; 95% CI: 5.196-323.588), and surgical extension
(P=0.005; OR =0.044; 95% CI: 0.005-0.397) were the
significant risk factors contributing to the recurrence of
NFPA after TSS. The ORs and 95% ClIs of the above
factors are shown in a forest plot in Figure 1.

Construction of the nomogram based on clinical risk factors

To develop a practical method for clinicians to predict
the possibility of NFPA recurrence, we constructed a
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nomogram model, which integrated the factors of age,
tumor size, cavernous sinus invasion, sphenoid sinus
invasion, and surgical extension (Figure 24). To generate the
nomogram, the value attributed to an individual patient was
located on each axis, and the top line was used to determine
the total points for each variable value. Then a line was
drawn downward to the survival axis to determine the risk
of recurrence. As shown in Figure 2B, the line-segment in
the calibration plot was close to the line, which indicated
that the nomogram model performed well in the calibration
plots. Receiver operating characteristic (ROC) analysis
showed that the area under the ROC curve (AUC) of this
nomogram model was 0.953 (Figure 2C).

PFS analysis

After we constructed this predictive model, we could
effectively predict the possibility of NFPA recurrence. We
wanted to further analyze the correlation between risk
factors and PFS. Therefore, the PFS underlying different
risk factors were shown in the correlation analysis and
Kaplan-Meier curves.

The correlation analysis indicated that sphenoid sinus
invasion [hazard ratio (HR) =13.14, 95% CI: 7.03-24.58,
P<0.0001], cavernous sinus invasion (HR =7.53, 95% CI:
4.27-13.28, P<0.0001), and tumor size (HR =11.06, 95%
CI: 6.11-20.03, P<0.0001) could promote the recurrence
of NFPA. In contrast, advanced age (HR =0.50, 95% CI:
0.28-0.86, P=0.0127) and gross total resection (GTR; HR
=0.12, 95% CI: 0.07-0.22, P<0.0001) could effectively
inhibit recurrence (Figure 3).

Discussion

In this study, we generated a clinical nomogram based on
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Figure 2 Nomogram for the prediction of non-functioning pituitary adenoma (NFPA) recurrence. (A) The nomogram included the

significant risk factors. (B) A calibration curve was generated to predict the possibility of recurrence. (C) Receiver operating characteristic

curve analysis was performed to estimate the accuracy of the nomogram.

age, tumor size, cavernous sinus invasion, sphenoid sinus
invasion, and surgery extension for the individualized
evaluation of the post-operative recurrence of NFPA.
Incorporating these risk factors, the nomogram built by
R language outperformed the single signatures in the
whole sets. The final nomogram had an AUC of 0.953
and was well calibrated. Neurosurgeons can therefore use
this nomogram in clinical practice to offer more accurate

© Gland Surgery. All rights reserved.

predictions of recurrence after surgery for patients with
NFPA.

NFPA has been treated with a low probability of
recurrence, however, some patients are not diagnosed
until the recurrent tumor is large enough to cause mass
effects. Previous studies have indicated that clinical factors
such as age, gender, tumor size, and tumor invasion have
no significant predictive value for recurrence, while many
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Figure 3 Progression-free survival analysis with risk factors. Kaplan-Meier curves showing the progression-free survival rates in non-

functioning pituitary adenoma (NFPA) patients, with risk factors including age (A), tumor diameter (B), cavernous sinus invasion (C),

sphenoid sinus invasion (D), and surgical extension (E).

other factors that influence the proliferation of pituitary
adenomas, such as angiogenesis, growth factors, oncogenes,
apoptosis, tumor suppressor genes, and hormone receptors,
have been shown to be predictive factors (15,19-21). In this
study, our results indicated that age, tumor size, cavernous
sinus invasion, sphenoid sinus invasion, and surgery
extension were the significant risk factors that were used to
build the nomogram.

The role of age in recurrence is controversial. Yao et a/.
and Batista et al. both revealed that age was not associated
with recurrence (22,23). However, Losa er 4l. indicated that
younger age was associated with the possibility of tumor
recurrence (24). In addition, age has shown a statistically
significant relationship with Ki-67 expression (25).

According to the direction of tumor invasion, invasive
pituitary adenomas can be divided into sphenoid sinus
invasion and cavernous sinus invasion. Few studies have
investigated the differences between these 2 types in terms
of their influence on recurrence. Cavernous sinus invasion
can act as a prognostic variable for the long-term control
of NFPAs (26). The rate of GTR negatively correlated

© Gland Surgery. All rights reserved.

with tumor grades, while rates were only 30.0% for grade
3B, which was classified according to the modified Knosp
classification (12). Our data suggests that sphenoid sinus
invasion may be a nonnegligible risk factor. Recently, a
meta-analysis demonstrated that endoscopic TSS (eTSS)
led to a higher rate of GTR compared to microscopic TSS
for pituitary adenoma patients (27). Ferreli et 4. undertook
a retrospective review and revealed that ¢TSS resulted
in 87.5% recurrence-free survival, with a mean follow-
up of 61 months (range, 36-166 months) (28). Moreover,
Zhang et al. showed that high-field intraoperative magnetic
resonance imaging (iMRI) increased the GTR rate in
endoscopic TSS for NFPAs. They also indicated that tumor
size, cavernous sinus invasion, and surgical history were
important predictors of GTR in patients with NFPA (29).
Furthermore, O’Sullivan et 4/. revealed that all patients with
total resection did not show recurrence during follow-up (2).

The risk factors for recurrence have been discussed,
including clinical factors, surgical techniques, genetic
markers, and predictive models. However, few studies have
focused on the PFS of NFPA. Lee er al. showed that the
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PFES of NFPA was 60% at 10 years (30). Guo er al. built a
two-circRNA signature and demonstrated its predictive
value for tumor recurrence, and found that it was especially
correlated with the PFS of NFPA patients (31). On the
other hand, Zhu et 4/. indicated that bone-invasive pituitary
adenomas (BIPA) had worse PFS than non-BIPAs NFPA
subtypes (32). Furthermore, iMRI improved GTR rates,
which correlated with longer PFS (29). Moreover, some
dopamine agonists have shown to be effective for treating
residual NFPA, and reduced the recurrence of NFPA
(33-35). These data suggest that it is of great importance
to find strategies to predict recurrence. Although MRI
scans and Ki-67 both are routine tests in clinical diagnosis
and therapy, selecting proper scan sequence and getting
in-depth information are also challenges for clinical
neurosurgery. So we emphasizing the clinical variables,
which contained valuable predictive information and can
be timely observed. Combination of clinical various and
experience of neurosurgery made this predictive model
more practical. Previous study showed that executive
function was significantly associated with age at treatment,
and that young patients exhibited a better outcome after
definitive treatment (36). However, few studies focused on
the predictive value of age in tumor recurrence prediction.
We added the factor of age in our nomogram model and
performed with high accuracy. Our study demonstrated that
the clinical factors sphenoid sinus invasion, cavernous sinus
invasion, and tumor size could promote the recurrence of
NFPA. In contrast, advanced age and GTR could effectively
inhibit recurrence.

This study still has several limitations. Firstly, the single-
center study design is one of the most significant limitations,
and selection bias might also have influenced the results.
Therefore, a multi-center validation study is required for
further analysis. Secondly, the present nomogram is based
on a small number of cases which might have limited
its predictive power. In spite of these limitations, this
nomogram can help predict the recurrence of NFPA with
good accuracy. Lastly, outcome was measured at the last
follow-up. It would therefore be better if we controlled the
same timepoint for all patients. Future studies investigating
the combination of more clinical factors and several omics
approaches would provide further insights into the diagnosis
and follow-up treatment for NFPA.

In conclusion, this study focused on the prediction of
post-operative NFPA recurrence by developing a nomogram
using significant clinical risk factors. The nomogram
performed better than one single factor, and may therefore
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aid in the follow-up and long-term management of NFPA.

Conclusions

Our novel predictive nomogram model may aid
neurosurgeons in the post-operative prediction of recurrence,
and may also facilitate tailored counseling for individual
patients.
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