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Summary: 1 

Tamás Zombori1, Sándor Turkevi-Nagy1, Anita Sejben1, Gréta Juhász-Nagy1, Gábor Cserni1,2, 2 

József Furák3, László Tiszlavicz1, László Krenács4*, Bence Kővári1. Syntaxin 1, a superior 3 

marker of pulmonary neuroendocrine neoplasms – the panel of Syntaxin 1 and 4 

Insulinoma-Associated Protein 1 outperforms classic neuroendocrine markers 5 

 6 

Syntaxin-1 (STX1) is a recently described highly sensitive and specific neuroendocrine 7 

marker. In this study, we aimed to evaluate the applicability of STX1 as an 8 

immunohistochemical marker in pulmonary neuroendocrine neoplasms (NENs). We 9 

also compared STX1 with established neuroendocrine markers, including insulinoma-10 

associated protein 1 (INSM1). 11 

Typical carcinoids (TC, n=33), atypical carcinoids (AC, n=7), small cell lung 12 

carcinomas (SCLC, n=28), and large cell neuroendocrine lung carcinomas (LCLNC, 13 

n=17) were immunostained using tissue microarray for STX1, Chromogranin-A 14 

(CHGA), synaptophysin (SYP), CD56, and INSM1. 15 

All NENs, but one SCLC (84/85 cases), showed STX1 positivity. Carcinoids and 16 

LCNCLs, typically presented a combined strong membranous and weak cytoplasmic 17 

staining pattern, whereas predominantly cytoplasmic expression was observed in 18 

SCLCs. The sensitivity of STX1 was 96.4% in SCLCs and 100% in TCs, ACs, and 19 

LCLNCs. The overall sensitivity of STX1 in pulmonary NENs was 98.8%, while the 20 

sensitivity of the other markers was as follows: CHGA (89.3%), SYP (89.3%), CD56 21 

(95.2%), and INSM1 (97.6%). 22 

STX1 was found to be an excellent neuroendocrine marker of pulmonary NENs, 23 

surpassing classic markers in terms of sensitivity and specificity. We propose a panel 24 

of STX1 and INSM1 for the routine immunohistochemical workup of pulmonary 25 

NENs. 26 

 27 
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Introduction 1 

 2 

The lung and the gastrointestinal tract are the most frequent sites of neuroendocrine 3 

(NE) neoplasms (NEN) (1). From the two regions, the lung is the single most commonly 4 

affected organ, with a high proportion of poorly differentiated neoplasms. According 5 

to the most recent WHO classification of lung tumors (2), the pulmonary NENs are 6 

classified as small cell carcinomas (SCLC), large cell neuroendocrine carcinomas 7 

(LCNEC), typical carcinoids (TC), and atypical carcinoids (AC). Although these 8 

tumors have characteristic morphological features (Fig. 1), given the specific clinical 9 

management of NENs, the verification of NE nature is recommended by 10 

immunohistochemical (IHC) detection of characteristic antigens (2, 3). Chromogranin-11 

A (CHGA), synaptophysin (SYP), and CD56 are the most widely used NE IHC 12 

markers, and insulinoma-associated protein 1 (INSM1) is also increasingly applied in 13 

the diagnostic pathology work-up. Nevertheless, pathologists should be aware of their 14 

limitations (2, 4). 15 

CHGA is a major component of NE secretory vesicles along with chromogranin-B and 16 

chromogranin-C. CHGA is prevalently expressed in normal NE cells and NENs, 17 

however the intensity of expression depends on the density of neurosecretory granules 18 

and the balance between the different chromogranins (5). In poorly differentiated 19 

neoplasms, such as SCLC and LCLC, the quantity of these granules may be very low, 20 

resulting in weak and focal paranuclear dot-like staining (1). The expression rate of 21 

CHGA is 23% to 58% in SCLCs and 42% to 69% in LCNECs (5-14). 22 

SYP is a calcium-binding glycoprotein in the synaptic microvesicles of normal and 23 

neoplastic NE cells, and it is expressed in 41% to 75% of SCLCs and 58% to 85% of 24 

LCNECs (15). Although SYP is present in both poorly and well-differentiated NENs, 25 

unfortunately, non-NE tumors may also be labelled (15, 16). 26 

CD56 or neural cell adhesion molecule (N-CAM) was demonstrated on the membrane 27 

of a wide range of human cells, including natural killer cells and T lymphocytes, 28 

epithelium of the thyroid, kidney, and adrenal cortex, as well as skeletal muscle, and 29 

NE tissues (17). Despite its high sensitivity for NE differentiation, CD56 can show 30 

positivity in a plethora of diverse neoplasms, substantially limiting its specificity (17-31 

23). 32 

INSM1, an increasingly recognized NE marker, represents a zinc-finger transcription 33 

factor, first identified in pancreatic insulinoma (24). INSM1 was demonstrated as a 34 
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controller of the CHGA and SYP expression, a regulator of the cell cycle (25, 26), 1 

having a vital role in the physiologic development of NE tissues throughout the body 2 

(27). Rooper and coworkers described INSM1 as a reliable marker of NE differentiation 3 

among lung NENs with an excellent sensitivity of 96.4%, however some non-NE 4 

pulmonary neoplasms expressed INSM1 focally (4). 5 

Syntaxin-1 (STX1) is a member of a complex synaptic protein superfamily and plays a 6 

key role in calcium-dependent exocytosis of neurotransmitters in the nervous and NE 7 

system. STX1 possesses a C-terminal transmembrane domain, namely SNARE 8 

(Soluble NSF (N-ethylmaleimide-sensitive fusion protein)-Attachment protein 9 

Receptor), which takes part in the SNARE-dependent membrane fusion and docking of 10 

neurosecretory vesicles (28). We recently found that STX1 represents a powerful NE 11 

marker, possessing an outstanding sensitivity (97%) and specificity (100%) in a very 12 

wide variety of NENs (29). In this study, we aimed to assess systematically STX1 13 

expression in pulmonary NENs regarding extent, intensity, and staining pattern. 14 

 15 

Materials and methods 16 

 17 

Lung specimens surgically resected between 2003-2019 were collected from the files 18 

of the Department of Pathology, University of Szeged, Hungary. SCLCs (n=28), 19 

LCNLCs (n=17), TCs (n=33), and ACs (n=7) were included in our retrospective and 20 

consecutive series. One of the TC cases emerged in the background of diffuse idiopathic 21 

pulmonary NE cell hyperplasia (DIPNECH). The morphology of the selected cases was 22 

re-evaluated according to the 2015 edition of the WHO classification of lung tumors 23 

(2). Accordingly, at least one of the three markers (CHGA, SYP, CD56) had to be 24 

positive in the context of a proper NE histomorphology for inclusion in the present 25 

series. Representative paraffin blocks were collected for tissue microarray (TMA) and 26 

two 2.2 mm diameter core samples were taken from each case. Additional positive and 27 

negative controls were included in each TMA block. 28 

The IHC reactions were uniformly performed on formalin-fixed and paraffin-embedded 29 

sections, following the protocols described in our earlier publication (29). For STX1, 30 

we used the mouse monoclonal antibody HPC-1 (sc-12736; Santa Cruz Biotechnology, 31 

Dallas, TX, USA; 1:200), that detects both STX1 A and B isoforms. INSM1 reactions 32 

were prepared using a mouse monoclonal antibody A8 (Santa Cruz, city, country; 33 

1:100). Primary antibodies and the protocols used for the various IHC reactions are 34 
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detailed in Supplementary table 1. The TMA slides were evaluated by two observers 1 

after an initial training session; finally, discrepancies were discussed. 2 

The extent of expression, the intensity, the cellular localization, and the sensitivity of 3 

STX1, CHGA, SYP, CD56 and INSM1 were evaluated. Membranous or cytoplasmic 4 

staining for STX1 and CD56, cytoplasmic staining for CHGA and SYP, finally, nuclear 5 

staining for INSM1 in more than ≥5% of tumor cells was considered positive. The 6 

positivity was regarded diffuse if more than 75% of the tumor cells were labelled. 7 

Concerning staining intensity, three categories were applied, namely weak (1+), 8 

moderate (2+), and strong (3+). If a case was negative or <5% positive for any of the 9 

classic NE markers (CHGA, SYP or CD56) in the TMA cores, the available original 10 

diagnostic whole block IHC reactions were also re-evaluated and discussed. 11 

The sensitivity of STX1, CHGA, SYP, CD56, and INSM1 was calculated for TCs and 12 

ACs, as well as for SCLCs and LCNLCs. Additionally, for the direct comparison of the 13 

sensitivities of STX1 and other NE markers, we indirectly correlated our results to 14 

immunophenotyping data of CHGA, SYP, CD56, and INSM1 from recent publications 15 

evaluating pulmonary NENs (Supplementary table 2) (4, 30-36). The data gathered 16 

from the literature review were used to calculate the average sensitivities and the ranges 17 

of sensitivity of CHGA, SYP, CD56, and INSM1. 18 

The study was approved by the Ethical Review Board of the University of Szeged 19 

(#4430/2018).  20 

 21 

Results 22 

 23 

Altogether 85 patients were included in our retrospective study. There was no gender 24 

predilection (female : male=1:1). Supplementary table 3 highlights the further relevant 25 

clinical and pathologic features of the evaluated cases. 26 

All NENs except a single case of SCLC showed STX1 expression. Table 1 shows the 27 

results concerning the extent, and the intensity of STX1 expression. Diffuse positivity 28 

was detected in 80/85 cases (94%); whereas focal staining (range: 5-75%) was present 29 

in two SCLCs, one LCNLC, and one TC.  30 

The median intensity of STX1 labeling was strong (3+) in ACs and SCLCs, whereas 31 

moderate (2+) in TCs and LCNLCs (Table 1). 32 

Table 2 demonstrates the cellular localization of STX1 expression in tumor cells. 33 

Predominant membranous staining with weak cytoplasmic labeling was the most 34 
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frequent pattern among TCs, ACs, and LCNLCs (Fig. 1), while cytoplasmic expression 1 

of STX1 was seen mostly in SCLCs and a minority of LCNLCs. Nuclear staining of 2 

STX1 was not observed. In the DIPNECH associated TC case, both the preinvasive and 3 

the invasive components showed strong diffuse positivity with a combined 4 

membranous and cytoplasmic localization. 5 

As concerns the other NE markers, Table 1 also shows the extent and intensity of 6 

positivity for CHGA, SYP, CD56, and INSM1. Diffuse INSM1 positivity was 7 

registered in 66/85 cases (77.6%); while focal staining (range: 10-75%) was observed 8 

in 8 SCLCs, 6 LCNLCs, and 5 TCs. In the rare cases with only focal STX1 and INSM1 9 

staining, the expression always exceeded the 5% cut-off. Scattered positivity below the 10 

5% cut-off only occurred using CHGA, SYP, and CD56, rendering those cases negative 11 

(Table 3). The STX1 negative SCLC was originally considered NE based on 12 

morphology and CD56 expression and was also negative for CHGA and SYP. This case 13 

demonstrated limited positivity with INSM1 (Table 3). The median intensity of INSM1 14 

positivity was strong in both carcinoids and high-grade NENs; while CHGA and SYP 15 

tend to label carcinoids strongly, but NE carcinomas only moderately. In keeping with 16 

literature data, the staining pattern was exclusively nuclear for INSM1, cytoplasmic for 17 

SYP and CHGA, and combined membranous and cytoplasmic for CD56 in all 18 

pulmonary NEN subtypes. 19 

The sensitivity of STX1 was 97.8% (95%CI:0.88-0.99) among high-grade pulmonary 20 

NENs and 100% (95%CI:0.91-1) among pulmonary carcinoids. The overall sensitivity 21 

of STX1 for NE differentiation proved to be 98.8% (95%CI:0.93-0.99), while the 22 

sensitivity of the other evaluated NE markers was as follows: CHGA (89.3%), SYP 23 

(89.3%), CD56 (95.2%), and INSM1 (97.6%). Table 1 also demonstrates the detailed 24 

sensitivity data of these NE markers regarding all individual pulmonary NEN subtypes. 25 

 26 

Discussion 27 

 28 

The evolution of therapeutic modalities requires the permanent refinement of diagnostic 29 

methods, including ancillary studies in histopathology. 30 

As pathologists are keen on providing accurate preoperative diagnosis based on tiny 31 

biopsy samples, the recent approach demands the application of IHC in cases of tumors 32 

without obvious morphological features of glandular, squamous or NE differentiation. 33 

Furthermore, considering that the clinical management of pulmonary NENs differ from 34 
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other types of neoplasms, and the precise identification of the NE nature is necessary 1 

for the proper treatment, it is better to perform IHC in all cases with the possibility of 2 

NE differentiation (1, 37, 38). 3 

The sensitivity and the specificity of CHGA, SYP, and CD56 are not perfect. CHGA 4 

and SYP are specific, but can lack sensitivity in certain settings, while CD56 is 5 

sensitive, but cannot be considered a specific marker of NE nature. These discrepancies 6 

cause potential diagnostic pitfalls when it comes to the diagnosis of challenging 7 

pulmonary NENs (1, 39-41), therefore research for new, possibly more reliable IHC 8 

markers is required. 9 

A potential novel NE marker is STX1, a member of the syntaxin family, that takes part 10 

in the calcium-modulated, SNARE-dependent membrane fusion of neurons and NE 11 

cells (28, 42). In our series, 84/85 pulmonary NENs were positive for STX1, 12 

furthermore the positivity was diffuse in more than 90% of cases. The degree of 13 

differentiation may influence the extent, the distribution and the localization of protein 14 

expression in tumors. This phenomenon is not unusual among NE carcinomas, as the 15 

density of mature secretory granules is frequently decreased, resulting in only focal 16 

CHGA expression (1, 43). Although, there were some differences between the STX1 17 

expression patterns of low/intermediate-grade and high-grade pulmonary NENs, 18 

diffuse positivity was still present in approximately 90% of SCLCs and LCNLCs. 19 

Nevertheless, the only STX1 negative case was an SCLC, and the extent of expression 20 

was also somewhat lower in NE carcinomas. A strong membranous accentuation of 21 

STX1 expression was characteristic of TCs, ACs, most LCNLCs, and the single case 22 

of DIPNECH, while primarily cytoplasmic staining pattern was observed in SCLCs and 23 

in a minority of LCNLCs. After the comparison of all tested NE markers, STX1 showed 24 

the smallest difference between carcinoids and NE carcinomas regarding the extent of 25 

expression, while INSM1 showed the smallest difference concerning the intensity of 26 

labeling.  27 

Our findings suggest that the sensitivity of STX1 among pulmonary NENs is perfect 28 

(100%) in TCs, ACs, and LCNLC, while 96.4% in cases of SCLC. A comprehensive 29 

comparison was conducted between the sensitivity data of the classic WHO 30 

recommended (CHGA, SYP, and CD56) and novel (STX1 and INSM1) NE markers; 31 

that incorporated both the direct comparison of our IHC results (Table 1) and an indirect 32 

comparison based on a literature review (Table 4 and Supplementary table 2) (4, 30-33 

36). The overall sensitivity of STX1 (98.8%) was superior to the sensitivity of CHGA 34 
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(direct: 89.3%; indirect: 75.1%), SYP (direct: 89.3%; indirect: 86.6%) CD56 (direct: 1 

95.2%; indirect: 92.7%), and INSM1 (direct: 97.6%; indirect: 85.6%) irrespective of 2 

the modality of comparison. 3 

Although non-NE tumors were not evaluated in the present study, in this regard we 4 

refer to our previous research (29), which encompassed a wide spectrum of non-NE 5 

neoplasms including pulmonary squamous cell carcinomas and pulmonary 6 

adenocarcinomas, as well as colorectal, hepatocellular, pancreatobiliary, head and neck, 7 

thyroid, adrenocortical, skin basal cell, uterine, cervical, ovarian, and prostatic 8 

carcinomas. The non-NE carcinomas and the non-NE areas of mixed NE-non-NE 9 

carcinomas were generally negative for STX1. STX1 expression can also be present in 10 

medulloblastomas, neuroblastic tumors, paragangliomas, pheochromocytomas, and in 11 

the NENs of other organs (29), therefore one should correlate the IHC findings to 12 

histomorphology and clinical data for the correct interpretation of protein expression. 13 

Fortunately, given the considerably different clinicopathological presentation of 14 

medulloblastomas and neuroblastic tumors, positivity in these tumors should rarely 15 

result in diagnostic errors. Overall, the specificity of STX1 has been found excellent 16 

(99.41% 95%CI:0.96-0.99), even somewhat better than that of INSM1 (96.3% 17 

95%CI:0.92-0.98) (4, 29). 18 

Altogether STX1 and INSM1 mutually have promising sensitivity and specificity and 19 

should be recommended for routine diagnostic application. Although, Rooper et al. 20 

demonstrated focal INSM1 expression in pulmonary adenocarcinomas and squamous 21 

cell carcinomas (4), such a phenomenon was not found with STX1 in the limited series 22 

of Kővári et al. (29). In our opinion, the nuclear expression of INSM1 and the frequently 23 

crisp membranous quality of STX1 labeling can be more consistently interpreted, than 24 

the cytoplasmic staining for SYP and CHGA, the latter of which could be harder to 25 

distinguish from unspecific background staining in case of weak and focal expression. 26 

Due to the relative shortage of tissue in small biopsy specimens and financial reasons, 27 

the panel of NE markers could not be extended. Based on the presented data a panel of 28 

STX1 and INSM1 could outperform the currently recommended CHGA, SYP, and 29 

CD56 panel (Table 3). Owing to the different intracellular localization of staining, 30 

STX1 and INSM1 can also be used in combined IHC reactions to spare biopsy material 31 

which might often be of limited amount. Our results also raise the possibility that STX1 32 

IHC staining alone may be sufficient for the diagnosis of NE differentiation. 33 
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Limitations of this study could be the relatively low case number and the use of the 1 

TMA method. Even though the TMA method may lead to misinterpretation of focal 2 

staining patterns due to tumor heterogeneity, Kővári and co-workers have demonstrated 3 

that STX1 expression is predominantly diffuse (29). Therefore, we considered the 4 

application of the TMA technique acceptable. The retrospective nature of our study is 5 

a potential source of selection bias, moreover the fact that the cases were originally 6 

diagnosed using the classic NE markers may have led to the overrepresentation of 7 

CHGA, SYP, and CD56 positive cases, and the overinterpretation of the sensitivities of 8 

these markers. 9 

In conclusion, our retrospective, consecutive series aimed to evaluate the expression of 10 

STX1, a recently introduced NE marker among pulmonary NENs. STX1 was found to 11 

be a robust, easily interpretable and reliable marker with excellent sensitivity and 12 

specificity. Therefore, we encourage colleagues to apply STX1 as an IHC marker of 13 

NE differentiation in the routine diagnostics of pulmonary neoplasms. We feel, that 14 

after further investigation, STX1 and INSM1 may eventually replace the antibodies of 15 

the currently accepted panel of CHGA, SYP, and CD56. 16 

 17 
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Table 1 Extent and intensity of STX1, CHGA, SYP, CD56 and INSM1 expression and 30 

sensitivity according to NEN subtypes (TC: typical carcinoid, AC: atypical carcinoid, 31 

SCLC: small cell lung cancer, LCNLC: large cell neuroendocrine lung cancer, NEN: 32 

neuroendocrine neoplasm, 95%CI: 95% confidence interval) 33 

 34 



14 

STX1 

 Extent Intensity Sensitivity (%) 95%CI 

positive 

/all 

average 

(%) 

range 

(%) median     

TC 33/33 92.66 10-100 2 100 0.89-1.00 

AC 7/7 94.28 75-100 3 100 0.59-1.00 

SCLC 27/28 81.14 5-100 3 96.4 0.82-0.99 

LCNLC 17/17 79.81 10-100 2 100 0.80-1.00 

NEN 

all 

84/85 

86.97 5-100 2 98.8 0.93-0.99 

CHGA 

 Extent Intensity Sensitivity (%) 95%CI 

 average 

(%) 

range 

(%) median     

TC 30/32 89.06 1-100 3 93.75 0.79-0.99 

AC 7/7 95 100 3 100 0.59-1.00 

SCLC 23/28 54.35 1-100 2 82.14 0.63-0.93 

LCNLC 15/17 60.0 40-90 2 88.24 0.63-0.98 

NEN 

all 

75/84 

72.25 1-100 2 89.3 0.80-0.94 

SYP 

 Extent Intensity Sensitivity (%) 95%CI 

 average 

(%) 

range 

(%) median     

TC 30/32 86.28 1-100 3 93.75 0.79-0.99 

AC 7/7 87.14 1-100 3 100 0.59-1.00 

SCLC 23/28 62 40-100 2 82.14 0.63-0.93 

LCNLC 15/17 70.29 50-100 2 88.24 0.63-0.98 

NEN 

all 

75/84 

75.02 1-100 2 89.3 0.80-0.94 

CD56 

 Extent Intensity Sensitivity (%) 95%CI 

 average 

(%) 

range 

(%) median     

TC 30/31 88.06 20-100 3 96.77 0.83-0.99 

AC 7/7 87.86 70-100 3 100 0.59-1.00 

SCLC 27/28 79.67 1-100 2 96.42 0.88-1.00 

LCNLC 15/17 73.35 1-100 3 88.24 0.63-0.98 

NEN 

all 

79/83 

82.2 1-100 3 95.18 0.88-0.98 

INSM1 

 Extent Intensity Sensitivity (%) 95%CI 

 average 

(%) 

range 

(%) median     

TC 29/31 80.16 30-100 3 93.55 0.78-0.99 

AC 8/8 91.87 80-100 3 100 0.63-1.00 

SCLC 27/27 80.74 20-100 2 100 0.87-1.00 

LCNLC 17/17 77.05 10-100 3 100 0.80-1.00 

NEN 

all 

81/83 

80.84 10-100 3 97.59 0.91-0.99 

 1 
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Table 2 Localization of STX1 expression according to different NEN subtypes (TC: 1 

typical carcinoid, AC: atypical carcinoid, SCLC: small cell lung cancer, LCNLC: large 2 

cell neuroendocrine lung cancer, NEN: neuroendocrine neoplasm, M: exclusive 3 

membranous, M/C: strong membranous and weaker cytoplasmic, C/M: weak 4 

membranous and stronger cytoplasmic, C: cytoplasmic) 5 

 6 

  n (%) M M/C C/M C Negative 

TC 33 (38.8) 3 (3.5) 27 (31.8) 2 (2.3) 1 (1.2) 0 (0) 

AC 7 (8.2) 0 (0) 7 (8.2) 0 (0) 0 (0) 0 (0) 

SCLC 28 (33.0) 0 (0) 6 (7.1) 3 (3.5) 18 (21.2) 1 (1.2) 

LCNLC 17 (20.0) 0 (0) 12 (14.1) 1 (1.2) 4 (4.7) 0 (0) 

NEN all 85 (100) 3 (3.5) 52 (61.2) 6 (7.0) 23 (27.1) 1 (1.2) 

 7 

Table 3. List of cases with at least one NE marker failing to prove the NE 8 

differentiation. Note that a panel of STX1 and INSM1 could clearly outperform the 9 

currently accepted CHGA, SYP and CD56 panel in the presented series. 10 

Case 

# Diagnosis STX1 INSM1 CGRA SYP CD56 

22 
SCLC Positive 

Positive Negative 

(<5%) 
Positive 

Positive 

36 SCLC Negative Positive Negative Negative  Positive 

53 SCLC Positive Positive Positive Negative  Positive 

54 TC Positive Positive Negative  Positive Positive 

56 LCNLC Positive Positive Negative  Negative  Positive 

60 SCLC Positive Positive Negative  Negative  Positive 

65 TC* Positive NA Negative  NA NA 

66 TC Positive Negative  Positive Positive Positive 

72 
TC 

Positive Negative  Positive Negative 

(<5%) Negative 

75 
SCLC 

Positive 
Positive 

Negative  Negative  Negative 

(<5%) 

77 
LCNLC** 

Positive Positive Negative  Negative 

(<5%) 

Negative 

(<5%) 

79 
SCLC 

Positive Positive Negative 

(<5%) 

Negative 

(<5%) 
Positive 

* The SYP reaction produced for the original pathology report was positive; but the 11 

tissue cores were damaged, and only interpretable in the CHGA and STX1 stained 12 

TMA blocks. 13 

**The SYP reaction produced for the original pathology report demonstrated SYP 14 

positivity (30%; 3+)15 



  

 1 

  CHGA SYP CD56 INSM1 

  Sens (%) Range Sens (%) Range Sens (%) Range Sens (%) Range 

TC 98.1 93.1-100.0 98.5 

93.8/96.2-

100.0 98.0 83.3-100.0 90.1 81.3-100.0 

AC 96.4 92.9-100.0 98.2 86.7-100.0 93.7 80.0-100.0 87.6 74.3-100.0 

SCLC 67.9 22.2-100.0 81.1 56.9-100.0 92.9 70.0-100.0 91.8 86.1-100.0 

LCNLC 48.0 25.0-100.0 76.5 61.0-100.0 85.0 60.9-100.0 66.8 41.6-100.0 

All 75.1  86.6  92.7  85.6  
 2 

Table 4. Calculated sensitivity of chromogranin A, Synaptophysin, CD56, INSM1 antibodies among lung neuroendocrine neoplasms based on 3 

literature review. (CHGA: chromogranin A, SYP: synaptophysin, INSM1: insulinoma-associated protein 1, TC: typical carcinoid, AC: atypical 4 

carcinoid, SCLC: small cell lung cancer, LCNLC: large cell neuroendocrine lung cancer)5 



  

Supplementary table 1 Primary antibodies and protocols applied for 1 

immunohistochemistry 2 

 3 
Supplementary Table 2 Publications evaluating CHGA, SYP, CD56 and INSM1 expression 4 

by immunohistochemistry in pulmonary neuroendocrine neoplasms (CHGA: chromogranin 5 

A, SYP: synaptophysin, INSM1: insulinoma-associated protein 1, TC: typical carcinoid, AC: 6 

atypical carcinoid, SCLC: small cell lung cancer, LCNLC: large cell neuroendocrine lung 7 

cancer) 8 

 9 

Author (year) cut off  

Tumor 

type 

CHGA 

positive/all 

SYP 

positive/all 

CD56 

positive/all 

INSM1 

positive/all 

Nicholson et al 

[30] (2002) ≥ 1% SCLC 46/80 41/72 NA NA 

Yeh et al [31] 

(2014) >10% TC 27/29 25/26 20/24 NA 

   AC 4/4 4/4 4/5 NA 

   SCLC 12/35 25/35 32/33 NA 

   LCNLC 7/17 12/17 17/17 NA 

Rooper et al [4] 

(2017) 

Any 

staining TC 23/23 23/23 18/18 23/23 

   AC 18/18 18/18 15/18 18/18 

   SCLC 19/39 21/30 21/30 37/39 

   LCNLC 11/23 14/14 14/23 21/23 

Doxtader et al 

[32](2018) 

any 

staining  SCLC 14/14 37/40 40/40 38/41 

   LCNLC 1/1 1/1 1/1 1/1 

Kriegsmann et 

al [33] (2018) 

at least 

weak in ≥ 

1% of 

cells TC 111/112 111/112 112/112 91/112 

   AC 39/39 39/39 39/39 29/39 

   SCLC 107/144 122/144 132/144 124/144 

   LCNLC 32/77 47/77 66/77 32/77 

Mukhopadhyay 

et al [34] (2019) 

any 

staining TC 45/45 48/48 42/42 48/48 

   AC 16/16 16/16 16/16 15/16 

   SCLC 53/64 64/64 61/64 63/64 

   LCNLC 11/24 21/24 22/24 18/24 

Antibody Clone Manufacturer Retrieval Dilution 

Chromogranin A LK2H10 (Mouse monoclonal) Cellmarque pH 9.0 1:700 

Synaptophysin 27G12 (Mouse monoclonal) Novocastra pH 9.0 1:400 

CD56 123C3.D5 (Mouse monoclonal) Cellmarque pH 9.0 1:200 

INSM1 A8 (Mouse monoclonal) Santa Cruz pH 9.0 1:100 

STX1 (HPC-1) sc-12736 (Mouse monoclonal) Santa Cruz pH 10.0 1:200 
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Viswanathan et 

al [35] (2019) 2+  TC 11/11 11/11 11/11 11/11 

   AC 11/11 11/11 10/11 11/11 

   SCLC 2/9 7/9 9/9 8/9 

   LCNLC 2/8 5/8 8/8 6/8 

  

≥ 1+ in > 

5%  TC 17/17 17/17 17/17 16/17 

   AC 13/14 13/15 12/14 12/14 

   SCLC 3/8 8/8 8/8 8/8 

   LCNLC 4/10 9/10 9/10 8/10 

Staaf et al [36] 

(2020) 

any 

staining SCLC 16/24 20/24 23/24 22/24 

   LCNLC 14/23 23/23 19/23 20/23 

 1 

Supplementary table 3 Clinicopathological features of patients evaluated (TC: typical 2 

carcinoid, AC: atypical carcinoid, SCLC: small cell lung cancer, LCNLC: large cell 3 

neuroendocrine lung cancer, pT, pN stage: categories defined by AJCC, x: no data). 4 

 5 

 

Age  years Lymphovascular invasion n % 

average 62.13 L0/L1 50/35 41.2 

range 30-79.6 
Spread through airspaces n % 

STAS0/STAS1 57/28 33.0 

Surgery n % pT category n % 

sublobectomy  10 11.8 pT1a 34 40.0 

lobectomy 75 88.2 pT1b 14 16.5 

Localization n % pT1c 10 11.8 

right upper lobe 19 22.4 pT2a 15 17.6 

right middle lobe 3 3.5 pT2b 8 9.4 

right lower lobe 20 23.5 pT3 3 3.5 

left upper lobe 24 28.2 pT4 1 1.2 

left lower lobe 19 22.4 pN category n % 

Subtype n % pN0 52 61.2 

TC 33 38.8 pN1 12 14.1 

AC 7 8.2 pN2 18 21.2 

SCLC 28 33.0 pNx 3 3.5 

LCNLC 17 20.0 Stage n % 

Complete resection  n % I 48 56.5 

R0/R1 85/0 100 II 15 17.6 

Vascular invasion n % III 19 22.4 

V0/V1 82/3 3.5 x 3 3.5 

 6 

 7 
 8 
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Figure legends: 1 

 2 

Fig. 1 A: Typical carcinoid. Note the “salt and pepper” chromatin of the nuclei at high 3 

magnification. Prominent nucleoli, necrosis and mitosis are absent. (HE, 40x), B: Diffuse 4 

membranous STX1 expression with strong intensity in the same case as shown in A (STX1, 5 

40x) C: Atypical carcinoid. It is similar to typical carcinoid, but punctate necrosis and/or 6 

elevated mitotic activity are present. Note the mitosis (arrow). (HE, 40x), D: Diffuse 7 

membranous STX1 expression in the same case as shown in C. Arrow points at a mitotic figure 8 

(STX1, 40x) E: Small cell lung cancer. The nuclei demonstrate the “salt and pepper” 9 

granulation. Geographical necrosis and high mitotic activity were present elsewhere. (HE, 40x), 10 

F: Diffuse cytoplasmic and membranous STX1 expression was identified in the same case as 11 

shown in E. Note the mitotic figure. (STX1, 40x) G: Large cell neuroendocrine lung cancer. 12 

Despite of the typical neuroendocrine nuclear features, vesicular chromatin and prominent 13 

nucleoli are present. Comedo-like necrosis and high mitotic activity were seen in other areas. 14 

Note the rosette formation and peripheral palisading. (HE, 40x), H: Diffuse cytoplasmic and 15 

membranous STX1 expression were seen in the same case as shown in G. (STX1, 40x) 16 

 17 

 18 


