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Introduction: Pheochromocytomas and paragangliomas (PCC/PGL) are rare

neuroendocrine tumors and can secrete catecholamine. Previous studies have

found that SDHB immunohistochemistry (IHC) can predict SDHB germline gene

mutation, and SDHB mutation is closely associated with tumor progression and

metastasis. This study aimed to clarify the potential effect of SDHB IHC as a

predictive marker for tumor progression in PCC/PGL patients.

Methods: We included PCC/PGL patients diagnosed in Ruijin Hospital, Shanghai

Jiao Tong University School of Medicine from 2002 to 2014 for retrospective

analysis and discovered that SDHB (-) staining patients had poorer prognoses.

Then we examined SDHB protein expression by IHC on all tumors in the

prospective series, which was composed of patients from 2015 to 2020 in

our center.

Results: In the retrospective series, the median follow-up was 167 months, and

during follow-up, 14.4% (38/264) patients developed metastasis or recurrence,

and 8.0% (22/274) patients died. Retrospective analysis revealed that 66.7% (6/9)

of participants in the SDHB (-) group and 15.7% (40/255) of those in the SDHB (+)

group developed progressive tumors (OR: 10.75, 95% CI: 2.72-52.60, P=0.001),

and SDHB (-) was independently associated with poor outcomes after adjusting

by other clinicopathological parameters (OR: 11.68, 95% CI: 2.58-64.45,

P=0.002). SDHB (-) patients had shorter disease-free survival (DFS) and overall

survival (OS) (P<0.001) and SDHB (-) was significantly associated with shorter

median DFS (HR: 6.89, 95% CI: 2.41-19.70, P<0.001) in multivariate cox
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proportional hazard analysis. In the prospective series, the median follow-up was

28 months, 4.7% (10/213) patients developed metastasis or recurrence, and 0.5%

(1/217) patient died. For the prospective analysis, 18.8% (3/16) of participants in

the SDHB (-) group had progressive tumors compared with 3.6% (7/197) in the

SDHB (+) group (RR: 5.28, 95% CI: 1.51-18.47, P=0.009), statistical significance

remained (RR: 3.35, 95% CI: 1.20-9.38, P=0.021) after adjusting for other

clinicopathological factors.

Conclusions: Our findings demonstrated patients with SDHB (-) tumors had a

higher possibility of poor outcomes, and SDHB IHC can be regarded as an

independent biomarker of prognosis in PCC/PGL.
KEYWORDS

SDHB immunohistochemistry, pheochromocytomas and paragangliomas, tumor
progression, prognosis, retrospective, prospective
Introduction

Pheochromocytomas and paragangliomas (PCC/PGL) are rare

tumors originating from chromaffin cells and arising from the

adrenal medulla and extra-adrenal sites. PGL are subdivided into

sympathetic and parasympathetic PGL, depending on their location

and catecholamine production. Previously, PCC/PGL were

classified as benign or malignant based on the presence of

metastatic lesions at nonchromaffin sites (1). However, since the

4th edition of WHO Endocrine Tumor Classification, the term

‘malignant’ was not used and was replaced by ‘metastatic’ in PCC/

PGL, and all PCC/PGL have been considered as tumors with

metastatic potential due to the lack of a histological system

endorsed for defining the biological aggressiveness (2). This

approach was maintained in the current WHO classification (3).

Given the fact that 15~40% of PCC/PGL patients will have

recurrence (4, 5), and 5%~35% of PCC/PGL patients can develop

metastasis (6–10), whose five-year survival ranges from 50% to 70%

(11, 12), all PCC/PGL patients should receive at least ten years of

follow-up and annual reexaminations (13), and high-risk patients

should be offered lifelong annual follow-up. Current evaluation of

the tumor progression potential of PCC/PGL is based on

multifactorial risk assessments, including the presence of SDHB

mutation, larger tumor size, extra-adrenal location, dopamine

hypersecretion, and several histopathologic scoring systems (14,

15). The first scoring system was Pheochromocytoma of the

Adrenal Gland Scaled Score (PASS), proposed by Thompson in

2002 (16), and then several groups formulated different scoring

systems, including GAPP, ASES, and COPPs (17–19).

Approximately 40% of PCC/PGL carry a germline mutation in

one of at least 20 genes (20). Among these germline mutations,

SDHB mutation often displays an increased risk of metastasis and

recurrence and is the strongest indicator of metastasis in PCC/PGL

(21), rather than other subunits of SDH (22). The SDHB gene

encodes for SDHB protein assembled in the mitochondria to form
02
succinate dehydrogenase (SDH), a key respiratory enzyme, that has

an essential role in cell energy production. With absent or abnormal

SDHB, the mitochondrial complex II fails to assemble and loses its

enzymatic activity, causing the accumulation of succinate,

inhibiting a-KG-dependent dioxygenases, and resulting in a

pseudo hypoxic state, hypermethylation, and subsequent invasive

behavior (23).

As previously mentioned, SDHB mutation in PCC/PGL

patients is associated with an increased risk of tumor progression,

and several studies have shown that SDHB gene mutations can be

detected by the loss of SDHB staining by immunohistochemistry

(IHC) (24, 25), we hypothesized that loss of SDHB expression in

PCC/PGL tumors can function as a risk factor for progressive

tumors in the current study.

Remarkably, SDHB IHC becomes negative most commonly in

the setting where is bi-allelic inactivity in any of the four SDH

subunit genes (SDHA, SDHB, SDHC, and SDHD) (26), and loss of

function of both alleles almost always occurs in the presence of a

germline mutation in PCC/PGL, but it can also occur in somatic

mutation isolated to neoplastic cells (27). In addition,

hypermethylation of the SDHC promoter, resulting in the

silencing of the SDHC gene and subsequent inactivity of the SDH

complex, can also cause completely negative cytoplasmic staining

for SDHB (28, 29).

Recent studies have shown that SDHB protein loss can be used

as an IHC biomarker to independently predict the prognosis of

PCC/PGL patients (30–32), and a modified GAPP system (M-

GAPP) and COPPs scoring system also incorporates loss of SDHB

staining for analyzing PCC/PGL risk (18, 33). Despite these above

studies have included SDHB IHC in the investigation of the

prognosis of PCC/PGL, no reliable prospective study or long-

term follow-up for PCC/PGL focusing on SDHB IHC is available

at present. In the present study, we analyzed the value of SDHB IHC

for distinguishing between high-risk or low-risk of progressive

tumors in large retrospective and prospective series in our center.
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Materials and methods

Study populations

We performed a retrospective and prospective study of PCC/

PGL patients diagnosed in Ruijin Hospital, Shanghai Jiao Tong

University School of Medicine from 2002 to 2020 and collected

their tumors after surgery in our center.

The retrospective study was composed of a series of 274 tumors

from 274 patients who underwent an operation in our center from

2002 to 2014, including 195 PCC and 79 PGL, and this series was

based on the population of our previous study (5). Patients in the

retrospective study were selected according to the following

inclusion criteria: histologically confirmed diagnosis of PCC/PGL

and there was no perioperative mortality. At first, we included 414

patients in our retrospective study. The exclusion criteria were as

follows: 1) Patients whose surgery was not performed in our

hospital or whose tumor specimen was not available (n=109); 2)

Incomplete pathological information (n=12); 4) Patients who were

lost to follow-up (n=19). Thus 274 patients were finally included in

the retrospective analysis (Figure 1).

The prospective study was performed on 217 tumors from 217

patients, which included 153 PCC and 64 PGL, and they received

surgery in our center from 2015 to 2020. Patients in the prospective

study were selected according to the same inclusion criteria as the

retrospective study, and initially, 833 patients were included in the

prospective analysis. The exclusion criteria were as follows: 1)

Patients whose surgery was not performed in our hospital

(n=241); 2) Patients who refused to perform additional SDHB

IHC (n=360); 3) Without survival details (n=15) (Figure 1). Thus

217 patients were finally included in the prospective analysis.
Frontiers in Endocrinology 03
Their baseline clinical characteristics, including age at

diagnosis, sex, primary tumor location, primary tumor size, and

catecholamine type were obtained by preoperational examinations.

We have categorized the catecholamine-producing phenotype of

PCC/PGL as adrenergic phenotype, in case the plasma

metanephrine (MN), urinary adrenalin, or urinary dopamine

levels exceeds the upper limits; noradrenergic phenotype, in case

the normetanephrine (NMN) or urinary noradrenaline exceeds the

upper limits without elevated MN/adrenaline/dopamine; or

nonfunctioning phenotype, in case catecholamines were within

the normal range, according to MNs, urinary adrenalin and

dopamine levels. The postoperative pathological evaluation

included TNM classification (categorized as I, II, III, or IV), and

the TNM staging classification was based on the system set by the

American Joint Committee on Cancer (AJCC) (34).
IHC of SDHB

Formalin-fixed, paraffin-embedded tissue specimens were

obtained and handled by standard surgical oncology procedures.

Serial 5-mm sections were prepared and deparaffinized with xylene

and gradient concentrations of alcohol (100%, 95%, 80%, and 75%)

and then rehydrated. Immunoreactions of these slides were

incubated overnight in a solution of SDHB antibody (rabbit

polyclonal HPA002868; Sigma-Aldrich Corp, St Louis, MO,

USA;1:500). Human adrenal gland tissue was used as the positive

control and showed strong granular staining in the cytoplasm. And

in the tumor, endothelial cells, sustentacular cells, and lymphocytes

served as the internal positive control for each sample. For the

retrospective series, SDHB IHC was carried out on all tumors in the

Endocrine and Metabolic Diseases department of Ruijin Hospital.
FIGURE 1

Flow diagram of the retrospective series and prospective series.
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For the prospective study, SDHB IHC was consecutively performed

in the Pathology department of Ruijin Hospital, allowing

simultaneous detection of SDHB protein after surgery. All stained

slides were analyzed blindly, by two independent observers (QW

and JX), without any knowledge of the clinical data. The

interpretation criteria used in this study followed the reported

one (25). In order to determine whether SDHB IHC is negative,

we rely on the consensus of the two observers. And only complete

loss of SDHB staining was defined as SDHB immunonegative (–),

otherwise, we judged it as immunopositive (+).
Detection of SDHB germline mutation

In the retrospective population, all 274 patients underwent

SDHB mutation analysis. DNA was collected from peripheral

blood and isolated using standard procedure. SDHB mutation

analysis was performed by commercial Sanger sequencing of

PCR products.
Follow-up procedure

Postoperative patients were followed up every six months for

the first year after surgery, then annually. Laboratory examinations

and abdominal computed tomography or magnetic resonance

imaging were performed at every visit. All patients were followed

up until 2022. The study was approved by the Ethics Committee of

the Ruijin Hospital, Shanghai Jiao Tong University School of

Medicine, and informed consent, which also permitted the

collection of specimens and clinical data, was obtained from

patients. Disease-free survival (DFS) time was defined as the date

of surgery to the date of tumor progression, including recurrence or

metastasis, confirmed by radiological and/or clinicopathological

findings, and death. Overall survival (OS) time was defined as the

interval between the date of surgery of and death or the latest

follow-up.
Statistical analysis

Descriptive statistics were presented as frequencies, percentages,

median, and range. Comparisons of baseline characteristics between

the two series were performed by t-test and Chi-square tests. The odds

ratio (OR) was calculated by Logistic regression. Survival rates were

compared by the Kaplan-Meier curves and differences in survival time

were analyzed by log-rank tests. Hazard ratios were performed by

univariate andmultivariate Cox regressionmodels. The risk ratio (RR)

was calculated by Poisson regression with robust error variance. In

multivariate analyses, we adjusted the baseline characteristics of PCC/

PGL. All confidence intervals (CIs) were stated at the 95% confidence

level. P<0.05 was considered statistically significant. The statistical data

visualization was performed in the R 4.0.3 environment, using RStudio

software, and all statistical analyses were performed by RStudio V

1.3.1093 (Boston, Massachusetts, USA) and SPSS Statistics version 28

(IBM, Armonk, NY, USA).
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Results

Baseline characteristics of patients

In the retrospective series, the median follow-up duration was

167 months, and the median follow-up duration of the prospective

series was 28 months. During follow-up, 38 of 264 (14.4%) patients

developed metastasis or recurrence, and 22 patients died in the

retrospective series, while in the prospective series, 10 of 213 (4.7%)

patients developed metastasis or recurrences, and 1 patient died.

Overall, 23 patients died during our follow-up. Compared with the

retrospective series, the prospective population showed similar

baseline characteristics, including gender, primary tumor location,

and catecholamine type, but differed in the age of diagnosis,

primary tumor size, and TNM classification (Table 1).

In the retrospective series, the median age at diagnosis of PCC/

PGL was 44 years old, ranging from 11 to 79, and 56.9% (156/274)

of individuals were female. There were 58.4% of patients had a

larger (≥ 5cm) primary tumor size and 28.8% of primary tumors

were located in extra-adrenal sites (75 in the abdomen/pelvis, two in

the thorax, and two located in the head/neck region). Preoperative

catecholamine levels were available in 89.4% (245/274) patients,

including 60.8% (149/245) adrenergic subtype, 32.2% (79/245)

noradrenergic subtype, and 6.9% (17/245) nonfunctioning

subtype. TNM classifications were obtained in all patients,

composed of 3.6% stage 4 tumors, 3.6% stage 3 tumors, 62.8%

stage 2 tumors, and 29.9% stage 1 tumors. The SDHB staining was

negative in 12 (4.4%) tumors.

In the prospective series, the median age at diagnosis was 48

years old, with a range of 16 to 77 years old, and 53.0% (115/217) of

the patients were female. 38.7% of patients had primary tumors that

were bigger (≥ 5 cm) in size, and 29.5% of primary tumors were of

extra-adrenal origin, including 62 located in the abdomen/pelvis,

one in the thorax, and one in the head/neck region. Preoperative

catecholamine levels were available for all patients, and 57.6% were

adrenergic subtype, 38.2% were noradrenergic subtype, and 4.1%

were nonfunctioning subtypes. The percentages of stage 4 tumors,

stage 3 tumors, stage 2 tumors, and stage 1 tumors by TNM

classification, were 1.8%, 10.1%, 45.2%, and 42.9%, respectively.

The SDHB staining was negative in 17 (7.8%) tumors.
Retrospective study

Among the 274 patients, ten patients had metastatic lesions when

they received an operation in our hospital, thus only 264 individuals

were included in further analysis, except for the OS analysis. During

follow-up, there were 46 patients that developed progressive tumors

or died, six with SDHB (-) staining and 40 with SDHB (+) staining.

66.7% (6/9) of participants in the SDHB (-) group had progressive

tumors or died compared with 15.7% (40/255) in the SDHB (+)

group (OR: 10.75, 95% CI: 2.72-52.60, P=0.001). After adjusted by

other baseline parameters, including primary tumor size, primary

tumor location, age at diagnosis, sex, catecholamine type, and TNM

classification, SDHB (-) was still associated with poor outcomes (OR:

11.68, 95% CI: 2.58-64.45, P=0.002).
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The Kaplan-Meier curve showed SDHB (-) patients were more

likely to develop progressive tumors or died (P<0.001) (Figure 2A).

The multivariate Cox regression analysis showed that SDHB IHC,

even adjusted by other clinicopathological factors, was still a

statistically significant independent predictor for DFS (HR: 6.89,

95% CI: 2.41-19.70, P<0.001) (Figure 2C). The median DFS in the

retrospective series was 163 months (95% CI: 3-14 months), and the

tumor-free rate of the 264 patients was 94.7% at five years and

90.9% at ten years. For the OS analysis, the Kaplan-Meier curve
Frontiers in Endocrinology 05
revealed that SDHB (-) patients had a higher possibility to die

(P<0.001) (Figure 2B).

In addition, we compared the performance of SDHB IHC with

SDHB germline mutation in predicting progressive tumors in our

retrospective series, and the result is shown in Table 2. There were

eight patients with SDHB germline mutation, and six of them were

included in this comparison because two patients already had

metastatic sites when they underwent surgery. Based on our

result, we found that among the predictive index scores, the
TABLE 1 Demographics and baseline characteristics of the study population.

Retrospective
n=274 (n%)

Prospective
n=217 (n%) P

Age at diagnosis (years)

Median (range) 44 (11 to 79) 48 (16 to 77) <0.001

Sex

Female 156 (56.9) 115 (53.0)

Male 118 (43.1) 102 (47.0) 0.435

Primary tumor location

Adrenal 195 (71.2) 153 (70.5)

Extra-adrenal abdomen/pelvis 75 (27.4) 62 (28.6)

Extra-adrenal thorax 2 (0.7) 1 (0.5)

Extra-adrenal head/neck 2 (0.7) 1 (0.5) 0.973

Primary tumor size (cm)

<5 114 (41.6) 133 (61.3)

≥5 160 (58.4) 84 (38.7) <0.001

TNM classification

Stage 1 82 (29.9) 93 (42.9)

Stage 2 172 (62.8) 98 (45.2)

Stage 3 10 (3.6) 22 (10.1)

Stage 4 10 (3.6) 4 (1.8) <0.001

Catecholamine type*

Adrenergic subtype 149 (60.8) 125 (57.6)

Noradrenergic subtype 79 (32.2) 83 (38.2)

Nonfunctioning subtype 17 (6.9) 9 (4.1) 0.226

SDHB IHC

Negative 12 (4.4) 17 (7.8)

Positive 262 (95.6) 200 (92.2) 0.156

Newly discovered metastasis or recurrence

Yes 38 (14.4) 10 (4.7)

No 226 (85.6) 203 (95.3) <0.001

Survival status

Dead 22 (8.0) 1 (0.5)

Alive 252 (92.0) 216 (99.5) <0.001
frontie
*Based on 245 patients had catecholamine examination before surgery for retrospective analysis.
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specificity of SDHB germline mutation was higher (99.08%)

compared with SDHB IHC (98.62%). However, the sensitivity for

predicting progressive behavior was higher in SDHB IHC (13.04%)

compared with SDHB germline mutation (8.7%), and so was the

negative predictive value.
Prospective study

There were four patients who already had metastatic lesions

when they were enrolled in the prospective study, thus only 213

individuals were included in the further analysis, except for the OS

analysis. Ten patients had poor medical outcomes including

recurrences, metastasis, and death during follow-up. 18.8% (3/16)

of participants in the SDHB (-) group had progressive tumors or

died compared with 3.6% (7/197) in the SDHB (+) group (RR: 5.28,

95% CI: 1.51-18.47, P=0.009). After regression analysis of mixed

effects, including primary tumor size, primary tumor location, age

at diagnosis, sex, catecholamine type, and TNM classification,

SDHB IHC was still an independent predictor associated with

prognosis (RR: 3.35, 95% CI: 1.20-9.38, P=0.021) (Figure 3C).

However, the Kaplan-Meier curve showed no difference in DFS

or OS between the two groups (Figures 3A, B).
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Discussion

In this study, we included two series of PCC/PGL patients,

composed of 274 tumors for retrospective study and 217 tumors

for prospective study, to investigate the clinical significance of

SDHB IHC. And this is a relatively large-scale study, using SDHB

IHC of PCC/PGL tumors as a predictive factor to evaluate

prognosis. We discovered that SDHB (-) patients had a much

worse prognosis than SDHB (+) patients and that the lack of

SDHB protein expression was an independent risk factor linked to

progressive tumors. Both the retrospective analysis and the

prospective investigation found that patients with SDHB (-)

staining were more likely to experience adverse outcomes when

considering the proportion of developing progressing tumors.

Additionally, SDHB (-) patients had significantly shorter DFS

and OS time than SDHB (+) individuals in survival analyses.

However, we only found this tendency in the retrospective

analysis, not the prospective study. Given the fact that between

the retrospective series and prospective series, the median age at

diagnosis, primary tumor size, and TNM classification were

statistically different, which showed that in the retrospective

series, patients were diagnosed with PCC/PGL at an earlier age,

had a larger proportion of bigger tumors and late TNM stages.
TABLE 2 Predictive index scores of SDHB IHC and SDHB germline mutation in the retrospective study.

Sen Spe NPV PPV

SDHB
germline mutation 8.70% 99.08% 83.72% 66.67%

SDHB
IHC 13.04% 98.62% 84.31% 66.67%
Sen, sensitivity; Spe, specificity; NPV, negative predictive value; PPV, positive predictive value.
A B

C

FIGURE 2

(A) Kaplan-Meier curves for DFS probability according to SDHB IHC in retrospective series, (B) Kaplan-Meier curves for OS probability according to
SDHB IHC in retrospective series, (C) Forest plot of hazard ratios (HRs) by multivariate cox regression of DFS based on clinicopathological factors.
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Thus, we thought that no statistical difference found in the

prospective study was caused by the above clinicopathological

differences and the mean follow-up duration of the prospective

series was not as long as that of the retrospective series.

Previous studies which performed SDHB IHC also showed that

the loss of SDHB protein is associated with poor prognosis (30, 32),

and they discovered that patients with SDHB (-) tumors had

considerably lower OS and DFS than those with SDHB (+)

tumors. Compared to the research mentioned above, our study

had a larger sample size and a longer follow-up time. However,

there was a study that contradicted our conclusions, which found

SDHB (+) was associated with shorter DFS in PCC patients (35),

and we supposed it may be a result of different inclusion criteria

for patients.

The SDHB protein is a catalytic subunit of succinate-ubiquinone

oxidoreductase, also known as succinate dehydrogenase, or

mitochondrial complex II, which links the electron transport chain

and the Krebs cycle, and catalyzes succinate into fumarate. Other

SDH-related genes (SDHA, SDHC, and SDHD) are autosomal

inheritance and their corresponding proteins are assembled at the

inner membrane of mitochondrial to form the SDH enzyme, except

SDHAF2 encodes a protein that helps the insertion of FAD into

SDHA (26). When SDH enzymatic activity decreased in SDHx-

mutated tumors, SDHB expression levels by Western blotting and

IHC were reduced as well (36). Comparing transcriptional and

translational efficiency for indicating SDHB germline mutation,

Chunzhang Yang and colleagues found that SDHB-related PCC/

PGL tumors demonstrated unreduced mRNA expression but

significantly declined protein expression than non-SDHB PCC/PGL

(37), and most SDH-mutated tumors were negative for SDHB IHC,

while non-SDH related tumors nearly all showed expression of SDHB
Frontiers in Endocrinology 07
by IHC (25). These results indicated that SDHB IHC is a favorable

predictor for SDH-related tumors, better than transcriptional

mRNA expression.

In addition to the loss of SDHB expression, we also found that

larger tumor size, extra-adrenal location, noradrenergic phenotype,

and earlier age at diagnosis were significantly associated with

shorter DFS in PCC/PGL, in agreement with previous findings

(14, 15, 38). Despite the fact that numerous studies have attempted

to evaluate biomarkers for predicting PCC/PGL prognosis, there

was no definite standard that can predict the clinical behavior of

PCC/PGL, and the 5th series of the WHO Classification

of Endocrine and Neuroendocrine Tumours does not support any

of scoring systems but does not forbid their use in individual

practices either (3). As our team analyzed before, SDHB mutation

showed a higher odds ratio of metastasis (5), and previous studies

had indicated that SDHB IHC can detect the presence of an SDH

mutation (24, 25, 39). Based on our findings, the SDHB germline

mutation demonstrated high specificity in the retrospective study

compared with IHC; however, SDHB IHC was more sensitive and

had a higher negative predictive value, which meant that more high-

risk individuals and more low-risk individuals were divided into the

poor prognosis group and the better prognosis group, respectively,

and high-risk individuals would receive more stringent

reexaminations and follow-up. And considering that many

centers could not satisfy the need to undergo genetic tests for

every PCC/PGL patient, this study can benefit PCC/PGL patients by

using SDHB IHC to predict prognosis, as IHC is an easy procedure

that could be performed in nearly all centers.

However, our study still has several limitations, such as the

subjective definition of the IHC results which may decrease the

predictive value of SDHB protein expression and this is an
A B

C

FIGURE 3

(A) Kaplan-Meier curves for DFS probability according to SDHB IHC in prospective series, (B) Kaplan-Meier curves for OS probability according to SDHB
IHC in prospective series, (C) Forest plot of risk ratios (RRs) by multivariate generalized Poisson regression of DFS based on clinicopathological factors.
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observational study, without any intervention, with a limited

number of cases that had the main outcome. One of the reasons

is that PCC/PGL are generally slow-growing tumors and metastasis

commonly happens several years or even decades after the initial

surgery, rendering investigation more difficult, thus a multicenter

cohort study with a longer follow-up time is needed. The second

reason may be the insufficient utilization of detection methods for

metastasis or recurrence sites, such as 18F-FDOPA PET/CT and

68Ga-DOTATATE PET/CT. And at last, our proposed procedure

can only be done after patients have undergone surgery and tumor

tissue is available for pathological study.

In conclusion, we suggest that loss of SDHB protein can be

regarded as a biomarker of adverse outcomes in PCC/PGL.

Therefore, we recommend that patients with SDHB (-) tumors

into consideration with more rigorous follow-up protocols, as they

are more likely to develop progressive tumors.
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