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Introduction

Pituitary adenoma (PA), which arises from adenohypophysis 
cells, is the second most common intracranial tumor with a 
prevalence of 1/500 (1). Based on tumor diameter, the PA 
is classified as a microadenoma, macroadenoma, or giant 
adenoma. The recurrence rate of incidental PA is 9.6% (2). 
Lv et al. reported that tumor size and radiological residuals 
are risk factors for PA recurrence (3). However, many 
patients experience recurrent tumors after surgery in spite 

of small tumor size and no radiological residuals, indicating 
that tumor properties also play a significant role in tumor 
recurrence, leading to the investigation of genetic factors 
that drive the tumor property of recurrence.

Although patients with a giant tumor are more likely 
to experience tumor recurrence (4), not all giant pituitary 
tumors are associated with tumor recurrence, as many 
microadenomas and macroadenomas with or without 
residuals also share the risk of tumor recurrence (5). 
However, clinical function status, radiological features, 
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and histology cannot reliably and accurately predict tumor 
recurrence (6,7). Therefore, the ability to predict tumor 
recurrence in patients with PA is valuable.

With the progress of next-generation sequencing 
technology over  the las t  decade,  comprehensive 
interpretation of tumor biology has been widely deployed in 
various neoplastic diseases (8). Transcriptome sequencing, 
especially mRNA-Seq, has a relatively low cost and provides 
precise insight into the complex transcriptome of tumors. 
By combining the most advanced technology and a detailed 
follow-up of patients, we aimed to predict early recurrence 
in PA patients, which may help to improve the prognostic 

assessment of PAs, resulting in treatment options for high-
risk patients to lower the potential of recurrence.

Methods 

Patients and samples

We obtained the records and samples from 107 patients who 
underwent surgery for PA at the Beijing Tiantan Hospital 
between 2014 and 2016. Studies on human material were 
approved by the Institution Research Ethics Committee 
(approval number KYSB2017-142-01). Appropriate consent 
for the use of the material was acquired from patients 
enrolled in the study.

mRNA-Seq data

A total of 107 freshly frozen PA samples were collected 
for the initial exploratory analysis using RNA-Seq. The 
demographics of this patient population are shown in 
Table 1. Central pathology reviews of these specimens 
were based on 2017 WHO classification (9). All samples 
collected contained at least 80% viable PA tissue, and they 
were frozen within 5 min after resection until utilized for 
RNA-Seq analysis. In total, 16,714 genes were selected to 
construct the model, and only protein-coding genes that 
were expressed in over 50% of all samples were included.

Definition of early recurrence

Early recurrence was defined as a return of abnormal plasma 
hormone levels and/or radiological evidence of a significant 
increase of tumor volume within 24 months post-operation. 
The tumor volume was decided by measuring the largest 
tumor diameter by 3 dimensions (x, y, and z), and the 
volume was estimated using the following formula: 1/3πxyz. 
The criterion used to characterize a significant increase in 
tumor volume was a 20% increase in size compared to the 
previous tumor. Any visible abnormal tumor-like signal 
in MRI imaging 3 months post-operation was defined as 
radiological residual, and any abnormal serum hormone 
level 3 months post-operation was defined as hormone 
recurrence.

Patients who had no evidence of disease (no clinical 
symptoms, normal plasma hormone levels, and no visible 
radiological rumor remnant) 24 months post-operation were 
considered as recurrence-free. The follow-up started one-
year after surgery. Tumors recurring later than 24 months 

Table 1 Characteristics of patients in the training and validation 
cohorts

Characteristics Training group Validation group P value

Recurrence 0.06

Yes 21 10

No 36 40

Age (years),  
median [range]

44.78  
[21–84]

47.52  
[30–66]

0.19

Gender 0.62

Male 29 23

Female 28 27

Clinical function 0.60

Yes 28 22

No 29 28

Knosp grade 0.36

0 2 2

I 10 13

II 13 7

III 19 22

IV 13 6

Suprasellar invasion 0.88

Yes 44 38

No 13 12

Intrasellar invasion 0.31

Yes 20 13

No 37 37

Tumor volume (cm3),  
median (range)

1.38  
(0.18–8.012)

8.88  
(0.68–35.07)

0.06
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were assigned to the early recurrence-free group. 

Model

In total, 107 samples with both mRNA-Seq data and 
postoperative follow-up data were obtained in this study. 
All samples were randomly divided into the following two 
groups: a training set (n=57) and a validation set (n=50). 
Cox and logistic regression analyses were applied to predict 
the presence of a certain outcome based on available 
variables, which has been successfully used for prediction 
and diagnosis in medicine (10,11). In the training group, 
the log2-normalized expression value of the qualified genes 
(n=16,714) and the recurrence status were applied to the 
Cox regression. The genes were then ranked according 
to the P value of Cox regression. The risk score was 
introduced to quantify the risk of tumor early recurrence, 
and it comprised the summation of the product of the top 
n gene expression values and corresponding β-values from 
Cox regression as follows:

( )
=1

Risk score =
n

i signiture i
i
β Expression⋅∑

A receiver operating characteristic (ROC) curve was 
obtained along with the area under the curve (AUC) of 
the top n gene to screen for genes with the best prediction 
value. Considering the number of genes and AUC, the top 
7 genes in the module that approached the plateau were 
used to construct the prediction model. The risk score of 
every individual was calculated according to the formula 
above, and the cutoff value was defined by calculating the 
Youden index (cutoff value =10.78). 

Results

Sample characteristics 

In total, 107 PA patients were randomly assigned to 
training (n=57) and validation (n=50) groups. The training 
group had 28 females and 29 males with a median age of  
44.78 years old (range, 21–84 years). The validation group 
had 27 females and 23 males with a median age of 47.52 years 
old (range, 30–66 years). There were 21 (37%) and 10 (20%) 
patients suffering from early recurrence in the training and 
validation groups, respectively. The patients were classified 
according to the Knosp grades were as follows: 10 (17.5%) 
and 13 (26%) patients were grades I in the training and 
validation groups, respectively; 13 (22.8%) and 7 (14%) 

patients were grade II in the training and validation groups, 
respectively; 19 (33.3%) and 22 (44%) were grade III in the 
training and validation groups, respectively; and 13 (22.8%) 
and 6 (12%) were grade IV in the training and validation 
groups, respectively. There were 28 (49.1%) and 22 (44%) 
patients with functional PAs in the training and validation 
groups, respectively. Suprasellar invasion presented in  
44 (77.2%) and 38 (76%) patients in the training and 
validation groups, respectively. Infrasellar invasion presented 
in 20 (35.1%) and 13 (26%) patients in the training and 
validation groups, respectively. The median tumor volume 
was 1.38 (range, 0.18–8.01) cm3 in the training group and  
8.88 (range, 0.68–35.07) cm3 in the validation group.

Significant differences were not found in the incidence 
of recurrence, age, gender, clinical function, Knosp grade, 
suprasellar invasion, intrasellar invasion, and tumor volume 
between the training and validations groups (Table 1). 

Distinct expression profile of early recurrent samples

To explore the gene property of tumor early recurrence, 
mRNA-seq data of these 107 samples were applied. 
Differential expression for early recurrence was analyzed 
with a two-tailed t-test (P<0.05) and ranked by the relative 
expression fold change, and the top 100-fold change genes 
were selected to represent the distinct gene expression 
pattern. The top 100 differentially expressed genes were 
clustered, which indicated two distinct groups (Figure 1A), 
showing high consistency with early recurrence (Fisher’s 
exact test, P=0.0002). To further explore the similarity of 
these samples, the clustering of the correlation coefficients 
of every two samples also resulted in two distinct groups 
(Figure 1B). The two groups showed similar consistency 
with early recurrence (P<0.001). These results showed that 
patients with early recurrence harbored a distinct expression 
profile. The expression differences laid the foundation to 
construct a prediction model based on mRNA expression. 

Model construction in the training set

The risk score method generated the top 7 ranked genes 
after the Cox regression reached the plateau of the AUC 
(Figure 2A,B), showing the best performance of early 
recurrence prediction. The top 7 genes are listed in Table 2.  
By applying the model in the training group, 57 samples 
were stratified into positive and negative groups (Figure 2C), 
which was in high accordance with the follow-up data. This 
model generated an AUC of 0.857 (95% CI: 0.714–0.937), 
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Figure 1 Patients with pituitary tumor recurrence have distinct expression profiles. (A) Unsupervised clustering of the expression profiles of 
pituitary adenoma patients based on the top 100 differently expressed genes. The expression subtypes were correlated with tumor recurrence 
(P=0.0002, Fisher’s exact test); (B) the clustering of the correlations between every two samples showed a tight association with recurrence 
(P<0.001, Fisher’s exact test). 1 (deep green) indicates early recurrence, and 0 (light grey) indicates recurrence-free.
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Figure 2 Construction of the prediction model in the training dataset (n=57). (A) Consecutive AUCs of the top [1–100] genes in the 
prediction of early recurrence; (B) the representative AUCs of the top [1–10] genes are shown in the ROC curves; (C) patients in the 
training set were predicted to be early recurrence-free or with early recurrence by applying the model; (D) the AUC of the final prediction 
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a sensitivity of 85.7%, and a specificity of 69.4% in the 
training set (Figure 2D).

Model evaluation in the validation set

To evaluate the predictive performance of this gene set used 
in the training group, the risk score generated by these 7 
genes was obtained from the 50 samples in the validation 
set. All patients (sensitivity =100%) with early recurrence 
were predicted correctly by this model, while 15/40 
(specificity =32.5%) patients were predicted to be negative 
(Figure 3A). This model had an AUC of 0.936 (95% CI: 
0.874–1; Figure 3B).

Table 2 Top seven genes significantly associated with early 
recurrence in pituitary adenoma by Cox regression

Gene symbol HR
95% CI

P value
Lower Higher

SPRY3 12.682 1.621 99.223 0.016

ZNF343 10.627 3.134 36.038 0.000 

GZF1 10.451 3.077 35.500 0.000 

C15orf61 6.130 2.321 16.190 0.000 

SLC24A4 1.505 1.162 1.950 0.002 

HOXB5 1.501 1.092 2.063 0.012 

SLC9A3R2 0.267 0.120 0.595 0.001 
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Figure 3 Validation of the prediction model in the validation dataset (n=50) and entire dataset (n=107). (A) Patients in the validation set were 
predicted to be early recurrence-free or with early recurrence by applying the model; (B) the AUC of the model in the validation dataset was 
evaluated by the ROC curve; (C) the entire cohort of patients was predicted to be early recurrence-free or with early recurrence by applying 
the model; (D) the AUC of this model was 0.848 for the entire dataset. 
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When all 107 patients were included in the Cox 
regression model, the following results were obtained: 
sensitivity of 28/31 (90.32%), the specificity of 37/76 
(48.68%) (Figure 3C), and AUC of 0.848 (95% CI: 
0.733–0.912; Figure 3D). The high accuracy of this model 
highlighted its potential diagnostic value for the early 
recurrence of PA. 

Prognostic value of the model

The risk scores of the patients were ranked from low to 
high, with the first half being assigned to the low-risk 
group and the second half being assigned to the high-risk 
group to elucidate the prognostic value of this seven-gene 
model. The mean follow-up after surgery in these patients 
was 28.0±7.0 months, and 31 patients (30.0%) had an early 
recurrence of PA. The Kaplan-Meier progression-free 
survival curves showed a significant difference between the 
training and validation groups (P<0.0001 and P=0.0005, 
Figure 4A,B). When applied to all patients, the Kaplan-
Meier progression-free survival curve showed a significant 
difference between the high- and low-risk score patients 
(P<0.0001, Figure 4C). Overall, 92.9% of all patients 
(relatively low-risk score patients) had no early recurrence 
with rates of 88% and 100% in the training and validation 
groups, respectively.

Prognostic value of single genes in a gene set 

To further evaluate the prognostic feature of this gene 
set, we explored the relationship between recurrence and 
individual gene expression in this model. Two groups were 

separated according to the RNA expression level of each 
gene. The single gene expression of the 107 patients was 
ranked from low to high. The first half in the ranking 
was defined as low expression, and the second half in the 
ranking was defined as high expression. Kaplan-Meier 
progression-free survival curves were generated for each 
group. We found that 6 out of the 7 genes showed a 
significant difference between the high and low expression 
groups (Figure 5A,B,C,D,E,F) with P values varying from 
<0.0001 to 0.0028. SLC9A3R2 was the only exception with 
a P value of 0.0699, and it showed a trend to differentiate 
the prognosis (data not shown). These data indicate that 
the promising prognostic property may be explained by the 
pathways related to these genes.

Discussion

Recurrence of PA is generally accompanied by seriously 
devastated pituitary function and visual deficits. In addition, 
tumor resection for recurred tumors is more difficult than 
resection of primary tumors. Due to limited therapeutic 
options, the outcome of recurrent pituitary adenoma is still 
unsatisfactory. Thus, the prediction of early recurrence 
would provide critical information to introduce appropriate 
intervention to postoperative patients. Although progress 
in molecular biology and radiology has been made over 
the last few decades, the cause and hazardous factors of 
recurrence are still unclear, implying that a more reliable 
predictive method for pituitary tumor recurrence is 
needed. It is practical to distinguish more proliferative 
and aggressive adenomas by pathological markers (Ki-67, 
mitotic activity, and p53 staining), which has been proven 

Figure 4 The risk score generated by the 7 gene model is prognostic for pituitary adenoma early recurrence. The Kaplan-Meier 
progression-free survival curve was applied for estimation in the training and validation groups as well as the entire cohort of patients.  
P values are indicated for the high- and low-risk groups stratified according to the seven-gene risk score in (A) the training group (57 
patients; log-rank test P<0.0001), (B) validation group (50 patients; log-rank test P=0.0005), and (C) the entire dataset (107; log-rank test 
P<0.0001).
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to be useful in other malignancies (12). However, the lack 
of a standard staining technique and outcome assessment 
limits its prognostic value. As a result, the classification type 
“atypical adenoma” has been removed from the 4th edition 
of the WHO classification of pituitary gland tumors after 
years of controversy (13). 

In the cases where a tumor recurred within a short 
period after the operation, tumor proliferation, a driving 
force of tumor recurrence, may be the major factor. Thus, 
we defined 24 months as the cutoff time. In this study, we 
applied an analysis based on a large number of patients over 
a long follow-up period. By utilizing an advanced statistical 
method, a prediction model based on mRNA-Seq was built 
to obtain the probability of early recurrence, which achieved 
high sensitivity and specificity. This model also indicated 
distinguishable characteristics in both the training and 
validation groups. Therefore, this model should be useful to 
clinicians, pathologists, and researchers.

For recurrence prediction, postoperative residuals were 
considered as a high-risk factor. Early recurrence occurred 

in 10.7% of cases with no visible postoperative residual 
adenoma. Of these cases, 38.8% had intrasellar residuals, 
and 66.7% had extrasellar residuals. The 10-year recurrence 
rate was 25% in patients without residual recurrences (14). 
In this study, the tumor early recurrence rate was 30.0%, 
and the mean follow-up period after surgery in these 
patients was 28.0±7.0 months. This result showed that the 
postoperative residuals and locations are individual risk 
factors of tumor recurrence. However, further discussion 
should be made to interpret the mechanism involved in 
the tumor property and tumor locations. Transcriptome 
sequencing should provide a novel, relatively low-cost 
insight into the complex mechanism of tumor recurrence 
regulated by gene expression. 

In the present study, patients who suffered from an 
early recurrence commonly had higher risk scores. The 
sensitivity was 85.7% in the training group, and all patients 
with early recurrence were predicted correctly by this 
model in the validation group, leading to 100% sensitivity. 
Our data suggest that a screening tool combined with a 
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proper early stage intervention, such as the transsphenoidal 
approach, transcranial approach surgery, and gamma knife, 
should be administered to patients with a high-risk score 
detected after primary tumor resection to decrease the 
overall recurrence rate. In addition, follow-up for at least 
two years may be required. 

Even though the individual genes in our prognostic 
model emphasize a trend to differentiate the PA patients 
from higher and lower risks of early recurrence, two genes, 
HOXB5 and GZF1, are well-known to play a vital role in 
multiple molecular pathways involved in tumorigenesis 
and cancer-like behaviors. These two genes, along with 
all the other genes in this model, may have potential 
prognostic value and be qualified to be therapeutic targets 
for recurrent PAs.

HOXB5 is a member of the Antp homeobox family 
and encodes a nuclear protein with a homeobox DNA-
bind domain. It is well-known that homeobox genes (HOX 
genes) are involved in tumorigenesis. A previous study has 
shown that HOXB5 is associated with cell migration and 
invasion in lung cancer, retinoblastoma, and gastric cancer 
(15-17), suggesting that it may be an important regulator of 
the Wnt/β-catenin signaling pathway or ERK1/2 (15,17). 
To the best of our knowledge, no study has reported the 
relationship between HOXB5 and pituitary tumor cell 
migration and invasion. Therefore, larger, prospective 
validations of the HOXB5 signature for its prediction 
values in patients with pituitary tumors are warranted, and 
functional and mechanistic studies on HOXB5 should be 
performed to further support its clinical application in 
pituitary tumors. Furthermore, HOXB5 may be a target 
oncogene, which could be inhibited by miR-1275, and 
result in the suppression of G1/S transition (18), thus 
potentially leading to a better outcome for PA patients.

GZF1 is a zinc finger protein induced by the glial cell-
line-derived neurotrophic factor, which seems to play a 
crucial role in cell proliferation (19). We suspect that this 
gene may play a critical role in pituitary tumor recurrence, 
and further identification should be conducted. Although 
these seven genes have not been widely reported to be 
associated with pituitary cell proliferation, invasion, and 
recurrence, some of these genes showed a tendency to 
be related to cell proliferation and metastasis, which may 
potentially cause tumor recurrence. 

Although this model was constructed based on high-
throughput mRNA sequencing from 107 samples, it still 
needs further validation in the other datasets. Limited by 
the shortage of sequencing data with long-term follow-ups, 

the further comprehensive evaluation of the model needs to 
be explored in the future.

Conclusions

In summary, we established a predictive model that showed 
high sensitivity for PA recurrence. This is the first PA 
recurrence prediction model derived from mRNA-Seq data. 
The application of this model may help to identify the early 
recurrence of pituitary tumors and to administrate more 
appropriate therapeutic and follow-up strategies for patients 
with PAs.
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