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Diagnosis of atypical carcinoid can be made on biopsies > 4 mm2 
and is accurate
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Abstract
In the 2021 WHO thoracic tumors, gradation of lung carcinoids in biopsies is discouraged. We hypothesized that atypical 
carcinoid (AC) could be reliably diagnosed in larger preoperative biopsies. Biopsy-resection paired specimens of carcinoid 
patients were included, and definitive diagnosis was based on the resection specimen according to the WHO 2021 classifica-
tion. A total of 64 biopsy-resection pairs (26 typical carcinoid (TC) (41%) and 38 AC (59%)) were analyzed. In 35 patients 
(55%), tumor classification between the biopsy and resection specimen was concordant (26 TC, 9 AC). The discordance 
in the remaining 29 biopsies (45%, 29 TC, 0 AC) was caused by misclassification of AC as TC. In biopsies measuring < 4 
mm2, 15/15 AC (100%) were misclassified compared to 14/23 AC (61%) of biopsies ≥ 4 mm2. Categorical concordance of 
Ki-67 in biopsy-resection pairs at threshold of 5% was 68%. Ki-67 in the biopsy was not of additional value to discriminate 
between TC and AC, irrespective of the biopsy size. Atypical carcinoid is frequently missed in small bronchial biopsies 
(< 4 mm2). If the carcinoid classification is clinically relevant, a cumulative biopsy size of at least 4 mm2 should be consid-
ered. Our study provides strong arguments to make the diagnosis of AC in case of sufficient mitosis for AC on a biopsy and 
keep the diagnosis “carcinoid NOS” for carcinoids with ≤ 1 mitosis per 2 mm2. Ki-67 has a good concordance but was not 
discriminative for definitive diagnosis.
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Introduction

Pulmonary carcinoids comprise a subgroup of neuroen-
docrine tumors and are categorized into low-grade typi-
cal carcinoid (TC) and intermediate-grade atypical car-
cinoid (AC) according to the current WHO classification 
[1]. Morphologically, TC is defined as a neuroendocrine 
tumor with 0 or 1 mitoses per 2 mm2and absence of necro-
sis, while AC has 2–10 mitoses per 2 mm2and/or dot-like 
necrosis [2, 3]. Ki-67 is a widely accepted marker in the 
diagnostic pathology of gastrointestinal neuroendocrine 
tumors [4] and it showed a lower interobserver variability 
than the mitotic count [5]. However, Ki-67 is currently 
not used for distinction between TC and AC, but some 
literature and expert opinion in the current 2021 WHO 
classification suggest that a Ki-67 ≥ 5% might be sugges-
tive of AC [1, 6]. Accurate identification of AC at time of 
diagnosis can be clinically relevant as it directs treatment 
selection. For example, endobronchial treatment is a prom-
ising parenchyma sparing procedure for selected patients 
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with centrally growing intraluminal bronchial TC. During 
this parenchyma-sparing procedure, a rigid bronchoscope 
is used which allows for larger biopsies and in selected 
cases even complete resection [7]. Furthermore, diagnos-
tic accuracy might implicate a more aggressive search for 
potential dissemination as AC tend to metastasize more 
often than TC [3]. However, in the latest WHO classifica-
tion of thoracic tumors 2021, classification of carcinoids 
in the biopsy is discouraged, suggesting a diagnostic term 
“carcinoid NOS” in the biopsy [1]. We hypothesized that 
AC could be reliably diagnosed in larger preoperative 
biopsies. To test this hypothesis, we investigated the rela-
tion of biopsy surface, Ki-67, and accuracy of diagnosing 
of AC correctly.

Methods

Approval of the institutional review board (Medical Eth-
ics Review Committee of VU University Medical Center, 
IRB00002991) was retrieved. Patients who underwent sur-
gical resection for centrally located pulmonary carcinoid 

(stages I–III) between June 1991 and December 2019 at 
the Amsterdam University Medical Center were screened 
for eligibility. Central tumors were defined as tumors situ-
ated proximal to the segmental bronchi. Patients who had 
paired diagnostic biopsies obtained with either flexible 
(FLB) or rigid (RIB) biopsy were selected. Samples of 
central carcinoid tumors were independently evaluated by 
two pathologists (TR and ET) and scored for mitotic count, 
presence of necrosis, and diagnosis. The Ki-67 scoring 
was based on an estimated percentage of positive cells 
in a hotspot region after scanning the whole slide. Ki-67 
index was calculated in surgical specimens by counting 
at least 2000 consecutive tumors cells in hot spot fields 
at × 40 magnification or 2 mm2 for consistency with the 
histological classification [6]. The highest recorded value 
was taken into account, as described before [8]. Two 
Ki-67 thresholds of 3 and 5% described in the literature 
were used [6, 9, 10]. Tumor classification on the resection 
specimen was considered as the gold standard, and thus 
marked as definitive diagnosis. Mitotic figures on biopsies 
and resection specimen were counted as described previ-
ously [11]. In short, the whole slide was first explored for 
mitotic hotspots and the mitotic count was subsequently 

Table 1   Clinicopathological 
characteristics of central 
carcinoid cohort

Patient characteristics N = 64 (%) TC (n = 26) AC (n = 38) p-value

Mean age in years (SD) 45 (16.2) 43 (15.8) 46 (16.7) 0.51
Female 40 (62.5) 14 (53.8) 25 (65.8) 0.33
Biopsy
  FLB 34 (53.1%) 12 (46.2%) 22 (57.9%) 0.36
  RIB 30 (46.9%) 14 (53.8%) 16 (42.1%)

Type of surgery 64 26 38 0.10
  Pneumonectomy 3 (4.7) 2 (7.7) 1 (2.6)
  Bilobectomy 13 (20.3) 9 (34.6) 5 (13.2)
  Lobectomy 29 (45.2) 8 (30.7) 20 (52.7)
  Sleeve lobectomy 17 (26.6) 6 (23.1) 11 (28.9)
  Segmentectomy 1 (1.6) 1 (3.8) 0
  Bronchial sleeve resection 1 (1.6) 0 1 (2.6)

Tumor diameter 0.05
  T1a 38 (59.4) 21 (80.8) 17 (44.7)
  T1b 14 (22) 3 (11.5) 11 (28.9)
  T2a 8 (12.5) 2 (7.7) 6 (15.8)
  T2b 2 (3.1) 0 2 (5.3)
  T3 2 (3.1) 0 2 (5.3)
  T4 0 0 0

Nodal stage 0.78
  N0 59 (92.2) 25 (96.2) 34 (89.5)
  N1 4 (6.3) 1 (3.8) 3 (7.9)
  N2 1 (1.6) 0 1 (2.6)

Radicality 0.68
  R0 58 (90.6) 23 (88.5) 35 (92.1)
  R1 6 (9.4) 3 (11.5) 3 (7.9)
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performed in the hotspot area. HE-stained slides were 
scanned using Phillips UFS scanner and analyzed with the 
Philips pathology viewer version 3.2. Histological tumor 
sample size was digitally measured and defined as tumor 
surface (mm2) in the whole histological sample. Areas 
with cauterization or mechanical artifacts were discarded. 
The statistical analyses and calculations were performed 
with IBM SPSS Statistics for Windows, version 26 (IBM 
Corp., Armonk, N.Y., USA) (ER, DN).

Results

Paired biopsy and resection specimens of central pul-
monary carcinoids from 64 patients were available. The 
diagnosis was based on mitotic count, as (dot-like) necro-
sis was absent. No significant differences were observed 

between patients with TC (n = 26) and AC (n = 38) regard-
ing clinic-pathological characteristics, except for a trend 
of a larger tumor diameter in patients with AC (p = 0.05) 
(Table 1).

The diagnosis was concordant with definitive pathol-
ogy in 35 out of 64 patients (55%, 26 TC, 9 AC). In the 
remaining 29 (45%) patients, the biopsy-based diagnosis 
was TC (n = 29), while the diagnosis in the pulmonary 
resection specimen was AC. If AC was diagnosed in the 
biopsy, the diagnosis was consistently accurate (9/9, 
100%; Table 2). In biopsies measuring < 4 mm2, 15/15 
AC (100%) were misclassified as TC and in biopsies ≥ 4 
mm2, 14/23 (61%) AC were misclassified as TC (Table 2). 
Accuracy of correctly identifying AC in the biopsy did 
not further increase with the biopsy diameter (data not 
shown).

The Ki-67 proliferation index was assessed with cut-
off values of 3 and 5% in the biopsy. At a cut off of < 3% 
in the biopsy, 20/37 (54%) AC’s where misclassified as 
TC, compared to 8/17 (47%) ≥ 3%.In biopsies with a cut-
off value of < 5%, 23/42 (55%) of the AC’s where mis-
classified as AC compared to 5/12 (42%) in biopsies of 
Ki-67 ≥ 5% (Table 2B and C). In biopsies > 4 mm2, Ki-67 
did not increase the diagnostic accuracy for TC or AC 
(Table 2D).

Figure 1 presents the distribution of diagnoses (TC vs 
AC), mitotic count and Ki-67 index for flexible biopsy 
(FLB), rigid biopsy (RIB), and surgical resection specimen 
respectively. When considering biopsies obtained with FLB 
and RIB separately, discordance was 59% and 30%, respec-
tively (p = 0.021). In total, 38 (59%) cases were identified 
with definitive AC diagnosis. Nine histological AC diag-
noses were made in the biopsies, more often in RIB (7/30, 
23%) than in FLB (2/34, 6%) (p = 0.07, Fig. 1A). In RIB, a 
higher number of mitotic figures were demonstrated when 
compared with FLB (p = 0.012). In addition, RIB were sig-
nificantly larger than FLB (median histological tumor sam-
ple size FLB; 3.1 mm2(range 0.1–15 mm2) vs RIB; 29 mm2, 
(range 10–145 mm2), p < 0.001).

Concordance in diagnosis between biopsy and resec-
tion was associated with increasing biopsy surface area 
(median sample size biopsy TA (diagnosis in biopsy 
TC and in resection AC) 3.9 mm2(range 0.10–87 mm2), 
TT (biopsy and resection diagnosis TC) 18 mm2(range 
0.6–145 mm2), AA (biopsy and resection diagnosis AC) 
22 mm2(range 5–101 mm2)). Discordant biopsies ver-
sus concordant biopsies for typical carcinoid (p = 0.009) 
and atypical carcinoid (p = 0.004) where significantly 
smaller (Fig.1C). In 68% (43/63) of the cases, the Ki-67 
in the biopsy and resection were concordant (concord-
ance category 1: Ki-67 0–5%, concordance category 2: 
Ki-67 ≥ 5%), more often in FLB (26/33, 79%) than in 
RIB (17/30, 57%) (p = 0.05, Fig.1D).

Table 2   Diagnosis in the biopsy versus resection specimen, stratified 
for the biopsy size < and ≥ 4 mm2 and stratified for Ki-67 < and ≥ 3 
(B) and 5% (C). Note that none of the AC could be diagnosed in 
biopsies < 4 mm2 and when AC was diagnosed on the biopsy, it was 
always concordant with the resection specimen (underscored A). 
Ki-67 was not of additional value for discrimination between TC and 
AC in the biopsy (underscored B and C). Biopsy size combined with 
a Ki-67 < and ≥ 5% did not increase diagnostic accuracy (D). *Ki-67 
missing (n = 1)

Diagnosis resection

TC AC Total

A
  Diagnosis TC biopsy < 4mm2 6 15 21
  Diagnosis TC biopsy ≥ 4mm2 20 14 34
  Diagnosis AC biopsy < 4mm2 0 0 0
  Diagnosis AC biopsy ≥ 4mm2 0 9 9

26 38 64
B
  Diagnosis TC biopsy Ki-67 < 3% 17 20 37
  Diagnosis TC biopsy Ki-67 ≥ 3% 9 8 17
  Diagnosis AC biopsy Ki-67 < 3% 0 4 5
  Diagnosis AC biopsy Ki-67 ≥ 3% 0 5 5

26 37 63*
C
  Diagnosis TC biopsy Ki-67 < 5% 18 23 42
  Diagnosis TC biopsy Ki-67 ≥ 5% 8 5 12
  Diagnosis AC biopsy Ki-67 < 5% 0 5 5
  Diagnosis AC biopsy Ki-67 ≥ 5% 0 4 4

26 37 63*
D
  Biopsy < 4mm2 and Ki-67 < 5% 5 13 19
  Biopsy < 4mm2 and Ki-67 ≥ 5% 1 1 2
  Biopsy ≥ 4mm2 and Ki-67 < 5% 13 15 28
  Biopsy ≥ 4mm2 and Ki-67 ≥ 5% 7 8 15

26 37 63*
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Discussion

In the current study, we showed that, the diagnosis of AC 
could be made on the biopsy and if so, the diagnosis was 
always accurate. Moreover, AC was consistently missed in 
biopsies < 4 mm2. Biopsies < 4mm2, all taken during flexible 
bronchoscopy, resulted in 59% of the patients discordantly 
classified as TC, compared to 30% of biopsies obtained 
with rigid bronchoscopy. Ki-67 in the biopsy did not show 
additional value in the discrimination between TC and AC, 
irrespective of the biopsy size.

Even though the classification of carcinoids in the biop-
sies is discouraged in the recent WHO 2021 [1], there are 
clinical situations where identification of AC in the biopsy 
might be relevant for the treatment choice [12–17]. For 
example, EBT and parenchyma saving procedures are not 
preferred in patient with AC. Our data showed that if AC 

could be diagnosed on a biopsy, the diagnosis was consist-
ently accurate. However, out study also shows AC may be 
missed, even in larger biopsies. A classification as TC on a 
biopsy should be interpreted with caution and a diagnosis 
of “carcinoid NOS” is more appropriate. The current WHO 
classification suggests that if the diagnosis AC can be made, 
this “may be suggested in a comment.” Our study provides 
strong arguments to make the diagnosis of AC in case of 
sufficient mitosis for AC and keep the diagnosis “carcinoid 
NOS” for carcinoids with ≤ 1 mitosis per 2 mm2.

Our data are largely in line with a recent retrospective 
study analyzing the accuracy of pre-operative biopsies for 
bronchial carcinoid tumors. The authors reported a 57% dis-
crepancy when diagnosis in the biopsy was compared to 
postoperative diagnosis with a wider variety of discrepan-
cies [18]. In contrast to our data, only 15/330 (4.5%) AC’s 
were diagnosed in the biopsy of which 6 were reclassified as 
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Fig. 1   Outcomes in flexible biopsy, rigid biopsy, and resection in 
relation to typical and atypical carcinoid (A) and mitotic count (B). 
Discordancy and concordancy between biopsy and resection in rela-
tion to biopsy sample size; discordant TA: diagnosis in biopsy TC 

and in resection AC; concordant TT: biopsy and resection diagno-
sis TC; AA: biopsy and resection diagnosis AC (C). Concordancy 
between biopsy (flexible or rigid) and resection in relation to Ki-67 
(D). *p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001

590 Virchows Archiv (2022) 480:587–593



1 3

TC in the resection specimen. However, this real-life study 
was based on the pathology reports of the national data-
base. In our in depth study of biopsy type and diameter, we 
provide at least the partial explanation of the discordances 
in biopsy-resection pairs. Although underdiagnoses of AC 
were not excluded in larger biopsies, AC was always missed 
in biopsies < 4 mm2. Conceptually, a preferred cumulative 
biopsy surface may be estimated that is associated with a 
higher diagnostic accuracy. We assume that a cumulative 
surface of 4 mm2 is equivalent to ± 4 bronchial biopsies of 1 
mm2 tumor (Fig. 2) or 2 biopsies of 2 mm2 tumor. Therefore, 
if a preoperative identification of AC patients is of clinical 
importance, biopsy of ≥ 4 mm2 should be considered.

This study could not show any additional value of Ki-67 
proliferation index in the biopsy for discrimination of TC 
and AC in the resection, comparable to some previously 
published studies [10, 19]. Published evidence so far has 
not allowed for definitive cut-off points to be determined for 
Ki-67 [6, 10], although the 5th edition WHO guideline for 

thoracic tumors currently suggest that a Ki-67 ≥ 5% is most 
probably an AC [1]. Therefore, usage of Ki-67 as a diagnos-
tic tool in lung carcinoid might be still debatable. However, 
Ki-67 might be useful as an independent prognostic marker 
of dissemination, additional to the mitotic count [6]. Current 
study did not investigate this aspect of Ki-67. Interestingly, 
concordance in Ki-67 between the biopsy and resection was 
higher than for the diagnosis TC or AC (based on the mitotic 
count), similar as described before [6]. Remarkably, flex-
ible biopsies showed a higher Ki-67 concordance with the 
resection than rigid biopsies (79% vs 59% respectively). This 
might be explained by the high rate of tumor debulking dur-
ing the rigid bronchoscopy (endobronchial treatment) and 
only a small tumor rest in the resection. Concordance of 79% 
is therefore probably more reflective of the daily clinical 
practice worldwide.

Flexible biopsies are easier to obtain and require less 
sedation compared to rigid biopsies. However, perform-
ing 4 biopsies in a relatively high vascularized tumor in 

Fig. 2   Example of 4 flexible 
biopsies of 1 mm2 with bron-
chial carcinoid
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non-anesthetized patients is challenging due to a risk of dif-
ficult bleeding control. Preferably these biopsies should be 
performed in a controlled setting under general anesthesia 
via a rigid bronchoscopy in specialized centers and should 
be considered whenever clinically relevant, e.g., in patients 
with central bronchial carcinoid tumors suitable for cura-
tive endobronchial therapy, or patients unfit for surgery in 
whom bronchoscopic debulking could relieve symptoms of 
dyspnea or post-obstructive pneumonia.

Thus, biopsy size does matter, which was previously 
shown in large cell neuroendocrine carcinoma, where neu-
roendocrine morphology was more frequently lacking in 
smaller biopsies (< 5 mm) when compared to larger biop-
sies [20]. In addition, for determination of PD-L1 in lung 
cancer, a biopsy size of < 2 mm is associated with a 14% 
chance of false negative score [21, 22]. These examples, 
and findings from the current study, underscore the fact that 
small biopsy samples are associated with “false negatives”/
underdiagnoses.

In our cohort, a larger proportion of AC was observed 
than in the literature [3, 15]. A possible explanation may 
be a selection bias, as our center is a tertiary referral center 
for endobronchial treatment and more complex surgery. 
The higher proportion of AC allowed a more precise inves-
tigation of diagnostic accuracy for AC in a relatively small 
patient population, the latter being a potential limitation of 
this study.

Conclusion

The diagnosis AC is frequently missed in small bronchial 
biopsies (< 4 mm2). If the carcinoid classification is clini-
cally relevant, a cumulative biopsy surface of at least 4 mm2 
should be considered. Our study provides strong arguments 
to make the diagnosis of AC in case of sufficient mitosis for 
AC on a biopsy and keep the diagnosis “carcinoid NOS” 
for carcinoids with ≤ 1 mitosis per 2 mm2. Ki-67 in biopsy-
resection pairs had a higher concordance but was of no 
additional discriminative value for the definitive diagnosis, 
irrespective of the biopsy size.

Author contribution  ER, TR, ET, and HD were responsible for the 
conception and design of the study and acquisition of data. ER and DN 
performed analysis and interpretation of the data. The article has been 
written by ER, TR, and ET and critically revised by the authors who all 
gave approval for submission. Each author has participated sufficiently 
in the contributions of this article and agreed to be accountable for all 
aspects of the work in ensuring that questions related to the accuracy 
or integrity of any part of the work are appropriately investigated and 
resolved.

Funding  This study was supported by a grant of ORAS (Oncological 
Research Albert Schweitzer Hospital).

Data availability  The data that support the findings of this study are 
available from the corresponding author EMBP Reuling. Restrictions 
apply to the availability of these data, which were used under license 
for this study.

Code availability  Not applicable.

Declarations 

Ethics approval  Approval of the institutional review board (Medi-
cal Ethics Review Committee of VU University Medical Center, 
IRB00002991).

Consent to participate  Consent from each patient after full explanation 
of the purpose of this study was retrieved.

Conflict of interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 WHO Classification of Tumours, 5th Edition, Volume 5, 2021
	 2.	 Marx A, Chan J, Coindre J, Detterbeck F et al (2015) The 2015 

WHO Classification of Tumors of the Thymus: Continuity and 
Changes. J Thorac Oncol 10(10):1383–1395

	 3.	 Travis W (2014) Pathology and diagnosis of neuroendocrine 
tumors. Thorac Surg Clin 24(3):257-66

	 4.	 Richards-Taylor S, Ewings SM, Jaynes E, Tilley C, Ellis SG, Arm-
strong T et al (2016) The assessment of Ki-67 as a prognostic 
marker in neuroendocrine tumours: a systematic review and meta-
analysis. J Clin Pathol 69(7):612–618

	 5.	 Warth A, Fink L, Fisseler-Eckhoff A, Jonigk D, Keller M, Ott G 
et al (2013) Interobserver agreement of proliferation index (Ki-
67) outperforms mitotic count in pulmonary carcinoids. Virchows 
Arch 462(5):507–513

	 6.	 Pelosi G, Rindi G, Travis WD, Papotti M (2014) Ki-67 antigen in 
lung neuroendocrine tumors: unraveling a role in clinical practice. 
J Thorac Oncol 9(3):273–284

	 7.	 Reuling E, Dickhoff C, Plaisier PW, Coupe VMH, Mazairac AHA, 
Lely RJ et al (2018) Endobronchial treatment for bronchial car-
cinoid: patient selection and predictors of outcome. Respiration 
95(4):220-227

	 8.	 Marchiò C, Gatti G, Massa F, Bertero L, Filosso P, Pelosi G 
et  al (2017) Distinctive pathological and clinical features of 
lung carcinoids with high proliferation index. Virchows Arch 
471(6):713–720

	 9.	 Oka N, Kasajima A, Konukiewitz B, Sakurada A, Okada Y, 
Kameya T et al (2020) Classification and prognostic stratification 
of bronchopulmonary neuroendocrine neoplasms. Neuroendocri-
nology 110(5):393–403

592 Virchows Archiv (2022) 480:587–593

http://creativecommons.org/licenses/by/4.0/


1 3

	10.	 Swarts DR, Rudelius M, Claessen SM, Cleutjens JP, Seidl S, 
Volante M et al (2017) Limited additive value of the Ki-67 pro-
liferative index on patient survival in World Health Organization-
classified pulmonary carcinoids. Histopathology 70(3):412–422

	11.	 Baak JPA (1991) Manual of quantitative pathology in cancer diag-
nosis and prognosis. Springer

	12.	 Brokx HA, Paul MA, Postmus PE, Sutedja TG (2015) Long-term 
follow-up after first-line bronchoscopic therapy in patients with 
bronchial carcinoids. Thorax 70(5):468–472

	13.	 Fruchter O, Fuks L, Amital A, Fox BD, Abdel Rahman N, Kramer 
MR (2009) Long-term follow-up of flexible bronchoscopic treat-
ment for bronchial carcinoids with curative intent. Diagn Ther 
Endosc

	14.	 Neyman K, Sundset A, Naalsund A, Espinoza A, Solberg S, 
Kongerud J et al (2012) Endoscopic treatment of bronchial carci-
noids in comparison to surgical resection: a retrospective study. J 
Bronchol Interv Pulmonol 19(1):29–34

	15.	 Reuling EMBP, Dickhoff C, Plaisier PW, Bonjer HJ, Daniels 
JMA (2019) Endobronchial and surgical treatment of pulmonary 
carcinoid tumors; a systematic literature review. Lung Cancer 
134:85-95

	16.	 Neuberger M, Hapfelmeier A, Schmidt M, Gesierich W, Reichen-
berger F, Morresi-Hauf A, et al (2015) Carcinoid tumours of 
the lung and the ‘PEPPS’ approach: evaluation of preoperative 
bronchoscopic tumour debulking as preparation for subsequent 
parenchyma-sparing surgery. BMJ Open Respir Res 2(1):e000090

	17.	 Rizzardi G, Marulli G, Bortolotti L, Calabrese F, Sartori F, Rea F 
(2008) Sleeve resections and bronchoplastic procedures in typical 
central carcinoid tumours. Thorac Cardiovasc Surg 56(1):42–45

	18.	 Moonen L, Derks JL, Hermans BCM, Bunnik IM, Hillen LM, 
Jan van Suylen R et al (2020) Pre-operative biopsy diagnosis 

in pulmonary carcinoids, a shot in the dark. J Thorac Oncol 
16(4):610-618

	19.	 Boland JM, Kroneman TN, Jenkins SM, Terra S, Xie H, Molina J 
et al (2020) Ki-67 labeling index in pulmonary carcinoid tumors: 
comparison between small biopsy and resection using tumor trac-
ing and hot spot methods. Arch Pathol Lab Med, Online ahead of 
print

	20.	 Derks JL, Dingemans AC, van Suylen RJ, den Bakker MA, Dam-
huis RAM, van den Broek EC et al (2019) Is the sum of positive 
neuroendocrine immunohistochemical stains useful for diagnosis 
of large cell neuroendocrine carcinoma (LCNEC) on biopsy speci-
mens? Histopathology 74(4):555–566

	21.	 Bigras G, Mairs S, Swanson PE, Morel D, Lai R, Izevbaye I 
(2018) Small biopsies misclassify up to 35% of PD-L1 assess-
ments in advanced lung non-small cell lung carcinomas. Appl 
Immunohistochem Mol Morphol 26(10):701–708

	22.	 Thunnissen E, Kerr KM, Dafni U, Bubendorf L, Finn SP, Solter-
mann A, et al (2020) Programmed death-ligand 1 expression influ-
enced by tissue sample size. Scoring based on tissue microarrays’ 
and cross-validation with resections, in patients with, stage I-III, 
non-small cell lung carcinoma of the European Thoracic Oncol-
ogy Platform Lungscape cohort. Mod Pathol 33(5):792–801

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

593Virchows Archiv (2022) 480:587–593


	Diagnosis of atypical carcinoid can be made on biopsies > 4 mm2 and is accurate
	Abstract
	Introduction
	Methods
	Results

	Discussion
	Conclusion
	References


