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Abstract: Carcinoma of unknown primary origin (CUP) is charac-

terized by diverse histological subtypes and clinical presentations,

ranging from clinically indolent to frankly aggressive behaviors. This

study aimed to identify prognostic factors of CUP and to develop a

simple risk model to predict survival in a cohort of Asian patients.

We retrospectively reviewed 190 patients diagnosed with CUP

between 2007 and 2012 at a single medical center in Taiwan. The

clinicopathological parameters and outcomes of our cohort were ana-

lyzed. A risk model was developed using multivariate logistic

regression and a prognostic score was generated.

The prognostic score was calculated based on 3 independent prog-

nostic variables: the Eastern Cooperative Oncology Group (ECOG)

scale (0 points if the score was 1, 2 points if it was 2–4), visceral organ

involvement (0 points if no involvement, 1 point if involved), and the

neutrophil-to-lymphocyte ratio (0 points if �3, 1 point if >3). Patients

were stratified into good (score 0), intermediate (score 1–2), and poor

(score 3–4) prognostic groups based on the risk model. The median

survival (95% confidence interval) was 1086 days (500–1617, n¼ 42),

305 days (237–372, n¼ 75), and 64 days (44–84, n¼ 73) for the good,

intermediate, and poor prognostic groups, respectively. The c-statistics

using the risk model and ECOG scale for the outcome of 1-year

mortality were 0.80 and 0.70 (P¼ 0.038), respectively.

In this study, we developed a simple risk model that accurately

predicted survival in patients with CUP. This scoring system may be

used to help patients and clinicians determine appropriate treatments.
ei-Hung Chang, M h, MD,
Wen-Chi Chou, MD

ECOG = Eastern Cooperative Oncology Group, HR = hazard ratio,

LDH = lactodehydrogenase, mGPS = modified Glasgow Prognostic

Score, mOS = median overall survival, NA = not available, NRL =

neutrophil-to-lymphocyte ratio, ROC = receiver operating

characteristic.

INTRODUCTION

C arcinoma of unknown primary origin (CUP) is defined as
histologically proven metastatic carcinoma whose primary

site cannot be identified despite a complete history review,
physical examination, and diagnostic evaluation.1 CUP is an
uncommon disease in clinical practice, representing 3% to 5%
of all invasive malignancies.1 A wide variation in the preva-
lence rate of CUP has been reported worldwide, with a spectrum
ranging from 4 to 6 cases per 100,000 people per year in
Switzerland to 18 to 19 cases per 100,000 people per year in
Australia.2 Since a uniform definition and consensus is lacking
in the CUP registry, the real incidence of CUP is unknown.
Nevertheless, the prevalence rate of CUP has declined gradually
in some cohort series;3–7 this decrease might be attributed to
improvements in imaging tools and pathologic diagnoses.4,5

CUPs occur in heterogeneous patient groups with different
clinical presentations, natural courses, and histological tumor
types. The majority of patients often present with disseminated
tumors involving multiple organs, while some patients present
with a solitary tumor limited to a single anatomic location. As it
is a metastatic disease entity, the outcome of patients with CUP
is usually pessimistic, with a median survival of around 3 to 8
months.8–14 However, a small subset of patients with CUP has
extended survival, probably because of an indolent clinical
course, a combination of multidisciplinary treatment modal-
ities, or an excellent response to antitumor treatment.15

Due to the heterogeneous clinical presentation and outcome
of CUPs, appropriate patient selection and management might
help to identify subsets of patients with more favorable outcomes.
Several previous studies have reported clinical variables, includ-
ing histological type,16–18 metastatic site,10,12,13,16,19–21 and
functional performance of the patients,9,11,12,20–24 having sig-
nificant impact on survival in patients with CUPs. However, all of
the previous studies were limited to Western populations; data
regarding the prognostic factors in Asian populations with CUPs
are very limited. The present study aimed to identify the prog-
nostic factors and to develop a prognostic score for predicting the
outcome of patients with CUPs.

METHODS
ty-six consecutive patients with a diag-
g Gung Memorial Hospital at Linkou
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excellent ECOG score (0 or 1). Undifferentiated carcinoma was
the most common histological subtype (64 patients, 33.7%)
followed by adenocarcinoma (60 patients, 31.6%), squamous

TABLE 1. Basic Demographic Data of Patients

Variable n (%)

Total patient number 190
Median age, years (range) 61 (12–91
Gender

Male 113 (59.5)
Female 77 (40.5)

ECOG scale
1 112 (58.9)
�2 78 (41.1)

Tobacco use
No 53 (27.9)
Yes 61 (32.1)
Missing 76 (40.0)

Tumor grade
Well 4 (2.1)
Moderately 25 (13.2)
Poorly/undifferentiated/unclassified 161 (84.7)

Histological subtype
Adenocarcinoma 60 (31.6)
Squamous cell carcinoma 43 (22.6)
Neuroendocrine carcinoma 19 (10.0)
Undifferentiated 64 (33.7)

Metastatic organ
Lymph nodes 126 (66.3)
Liver 50 (26.3)
Lung 47 (24.7)
Bone 43 (22.6)
Peritoneum 38 (20.0)
Central nerve system 9 (4.7)
Bone 5 (2.6)

Visceral organ involvement
Yes 97 (51.1)
No 93 (48.9)

Number of metastatic organ
1 97 (51.1)
2 49 (25.8)
�3 45 (23.7)

Treatment strategy
Chemotherapy 113 (59.5)
Radiotherapy 86 (45.3)
Maximal debulking 45 (23.7)
Supportive care only 37 (19.5)
between January 2007 and December 2012 were collected. All
patients received at least a cytopathological diagnosis of car-
cinoma and were categorized as CUP based on the judgment of
their primary care physician, who failed to identify the patient’s
primary cancer after a detailed physical examination and ima-
ging study including chest and abdomen computed tomography
(CT) scans, as well as endoscopic examination in selected
patients. After a retrospective chart review for all patients,
96 patients were excluded from the study because of a lack
of pathologic confirmation (eg, suspicion of malignancy or
dysplasia, n¼ 48), noncarcinoma histological type (n¼ 26),
inadequate CT scan workup (n¼ 12), and primary tumor ident-
ified after diagnostic examination (n¼ 10). In total, 190 patients
were included in the final analysis. The study was approved by
the ethics committee of the institute.

Data Collection
Data on patient demographics, body mass index, tobacco

use, tumor histological type, tumor grade, organ with tumor
involvement, Eastern Cooperative Oncology Group performance
(ECOG) score, peripheral complete blood counts at the time of
CUP diagnosis, the use of antitumor therapy after CUP diagnosis,
and the survival time were retrospectively obtained from medical
charts. The treatment strategy included all antitumor therapies to
a patient after the diagnosis of CUP. And the number of metastatic
sties was defined as the number of organs found with tumor
metastases at the time of CUP diagnosis. Therefore, the sum
(combined) percentage in each category may exceed 100%.
Visceral organ involvement is defined as a tumor metastasizing
to any one of the following sites: liver, lung, peritoneum, bone
marrow, or central nervous system. The neutrophil-to-lympho-
cyte ratio (NLR) was calculated by dividing the blood neutrophil
count by the blood lymphocyte count. The survival time was
calculated from the date of pathologic diagnosis of CUP to the
date of death. All patients were followed up until death or
December 31, 2014. The date of death was obtained through
either the institutional Cancer Center registry system or the
National Registry of Death database in Taiwan.

Statistical Analysis
Basic demographic data were summarized as the n (%) for

categorical variables and medians with ranges or 95% confidence
interval (CI) for continuous variables. Twelve predefined vari-
ables recorded at the time of the diagnosis of CUP were then
evaluated to ascertain their impact on patient survival. These key
potential prognostic variables were selected because minimal
data were missing and they could represent widely available
clinical data, making the findings broadly applicable. An a priori
statistical analysis plan was approved in univariate analysis; 7 of
12 variables with a P value<0.10 in univariate analysis were
included for analysis in the multivariate model. A multivariate,
proportional hazard Cox model with backward selection was
performed to determine which factors were independently pre-
dictive of survival. A risk model was developed from a multi-
variate logistic regression. The b coefficients from the risk model
were used to generate the points of the prognostic score for
calculating survival time. Receiver operating characteristic
(ROC) curves and the area under the curve (c-statistic) for the
outcome of overall survival at 1, 2, and 3 years were calculated to
determine the accuracy of the prognostic score.

Huang et al
Patients were further stratified into 3 prognostic groups
according to the total score obtained from the prognostic score.
Overall survivals among different prognostic categories were

2 | www.md-journal.com
calculated according to the Kaplan–Meier method. Log-rank
tests were used to determine significant differences among the
survival curves. SPSS 17.0 software (SPSS Inc, Chicago, IL)
was used for statistical analysis. All statistical assessments were
2-sided. A P value less than 0.05 was considered significant.

RESULTS
Table 1 shows the demographic data of the 190 patients.

The median age was 61 years (range, 12–91) and 59.5% of the
patients were male. One hundred twelve patients (58.9%) had an
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cell carcinoma (43 patients, 22.6%), and neuroendocrine car-
cinoma (19 patients, 10%). The distribution of the number of
metastatic organ sites with 1, 2, and 3 or more was 51.1%,
25.8%, and 23.2% of all patients, respectively. The most
common metastatic site was the lymph nodes (66.3%), followed
by the liver (26.3%), lung (24.7%), bone (22.6%), peritoneum
(20.0%), central nervous system (4.7%), bone marrow (2.6%),
and the other sites (15.8%). Regarding the treatment strategy of
all 190 patients with CUPs, 113 patients (59.5%) received
systemic chemotherapy, 86 patients (45.3%) received radio-
therapy, 45 patients (23.7%) received surgical debulking, and 6
patients (3%) received other miscellaneous treatments. Further-
more, 37 patients (19.5%) received the best supportive care
without antitumor treatment.

In order to test whether a specific treatment affected a
patient’s prognosis, we analyzed the median survival time by
stratified patients into different groups based on the main
treatment one received (Table 2). The median survival time
was the shortest of only 1.2 month in patients who received
supportive care only and highest of 68.4 among those who had
maximal debulking surgeries along with chemoradiotherapy. In
an ascending order, the median survival for the remaining
groups is 4.8, 6.8, 10.9, 35.7, and 60.6 months in radiotherapy
only, chemotherapy only, chemoradiotherapy, maximal debulk-
ing surgery only, and maximal debulking surgery with either
chemotherapy or radiotherapy, respectively. Patients received
any treatment other than support care only had a significantly
longer median survival time (P< 0.001).

The median survival time was 6.8 months (range, 0.1–
78.9). At the end of the follow-up period, 157 patients (82.6%)
had died. The 1-, 2-, and 3-year survival rates were 38%, 26%,
and 19%, respectively. The results of univariate and multi-
variate analyses of survival that were associated with the
clinical variables are presented in Table 3. Based on univariate
analysis of the imputed data set, 7 of the 12 preselected
variables, including age, number of metastatic organs, visceral
organ involvement, ECOG score, hemoglobin level, platelet
count, and NLR, showed a statistically significant effect on
survival. However, multivariate analysis identified ECOG
scale, visceral organ involvement, and NLR as the only inde-
pendent prognostic factors.

The risk model and scoring system of prognostic score
generated from b coefficients of multivariate analysis are shown
in Table 4. The total prognostic scores ranged from 0 to 4. Using

Medicine � Volume 94, Number 47, November 2015
the prognostic score, patients were stratified into good (sum
score 0), intermediate (sum score 1–2), and poor (sum score 3–
4) prognostic groups. The prognostic score assigned 22.1% of

TABLE 2. Survival Times of Patients Receiving Different Main Tre

Treatment Strategy n (%

Supportive care only 37 (1
Chemotherapy only 53 (2
Radiotherapy only 14 (7
Maximal debulking only 11 (5
Chemoradiotherapy 44 (2
Maximal debulking with either chemotherapy radiotherapy 11 (5
Maximal debulking along with chemoradiotherapy 20 (1

NA¼ not available.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
the patients to the good, 39.5% to the intermediate, and 38.4% to
the poor prognostic groups. Accordingly, the median survival
times of different prognostic groups are shown in Figure 1. The
median (95% CI) survival in the good, intermediate, and poor
prognostic risk groups was 1086 days (500–1617), 305 days
(237–372), and 64 days (44–84), respectively. The hazard
ratios were 1.18 (95% CI, 1.14–2.88; P¼ 0.013) when compar-
ing the intermediate and good prognostic groups and 6.28 (95%
CI, 3.89–9.81; P< 0.001) when comparing the poor and good
prognostic groups.

The ROC curve analysis for mortality at 1, 2, and 3 years
using the prognostic score gave significantly higher c-statistic
values than the ECOG score alone. The c-statistic at 1 year was
0.80 (95% CI, 0.74–0.87) for the prognostic score compared
with 0.70 (95% CI, 0.64–0.76) for the ECOG score (P¼ 0.038)
(Figure 2). At 2 years, the c-statistic for the prognostic score was
0.80 (95% CI, 0.73–0.87) compared with 0.69 (95% CI, 0.61–
0.78) for the ECOG score (P¼ 0.009). At 3 years, the c-statistic
for prognostic score was 0.77 (95% CI, 0.69–0.84) compared
with 0.68 (95% CI, 0.61–0.78) for the ECOG score (P¼ 0.041).

DISCUSSION
This study identified a new prognostic score and generated

a risk model that predicts survival in patients with CUP at a
medical center over 6 years in Taiwan. The diagnosis of CUP is
usually indicative of disseminated cancer, a rapidly deteriorat-
ing clinical course and a dismal prognosis. In general, the
outcome of patients with CUP is usually dismal, with a median
survival time ranging from 3.4 to 16.5 months (Table 5). Some
reasons may partially explain the variability in survival times
among different reports. First, there is no consensus about the
definition of CUP; tumors with the same histological type in the
same organ may be categorized differently according to the
experience of the primary care physician or the interpretation of
the pathologic report. Second, with the improvement of imaging
tools and pathologic diagnoses, tumors originally categorized as
CUP may be more likely to receive treatment as most-possible
chemosensitive cancer types. Third, the treatment strategies and
medical care may change between different study periods and
medical resources. The clinical outcome of this study closely
resembled previous reports from Western countries.8–14,21

Nevertheless, this study found that a small subset of patients
with CUPs (19%) survived longer than 3 years. Accurate

Prognostic Model in Patients With Cup
prognostic stratification of CUP may assist clinicians in coun-
seling patients appropriately and selecting patients who are
likely to benefit from antitumor treatments.

atment Strategies

)
Median Survival,

Mo (95% CI)
Hazard Ratio

(95% CI) P Value

9.5) 1.2 (0.5–1.9) 1 (reference)
7.9) 6.2 (4.6–7.7) 0.32 (0.21–0.50) <0.001
.4) 4.8 (0.4–9.1) 0.23 (0.12–0.46) <0.001
.8) 35.7 (4.4–66.9) 0.11 (0.05–0.25) <0.001
3.2) 60.5 (NA) 0.16 (0.10–0.26) <0.001
.8) 10.9 (8.5–13.2) 0.08 (0.03–0.20) <0.001
0.5) 68.4 (0–141.4) 0.06 (0.03–0.17) <0.001
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the prognostic value of NLR in patients with CUPs. Compared

TABLE 4. Risk Model and Prognostic Score

Variable Categories b Coefficients (SE) P Value Point of Score

ECOG scale 1 (reference) 0 0
2–4 1.0 (0.19) <0.001 2

NLR �3 (reference) 0 0
>3 0.55 (0.20) 0.013 1

Visceral organ involvement no (reference) 0 0
yes 0.51 (0.21) 0.026 1

Prognostic categories Total score
Good prognostic group 0
Intermediate prognostic group 1–2

-lym
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Previous studies have aimed to identify prognostic factors
in patients with CUP. Gender,21 performance status,9,11,12,20–24

and number of organs involved and histological subtype 16–18

were the most frequently reported prognostic factors for patients
with CUP in Western countries. This study identified that the
independent predictors of survival time were visceral organ
involvement, ECOG score and NLR in an Asian population.
The clinical variables of this risk model are accessible and are
available at the time of diagnosis. Therefore, this model is
widely applicable and clinically relevant.

The involvement of visceral organs indicated an aggres-
sive tumor course, a distantly disseminated tumor and a poor
functional reserve of vital organs. The ECOG scale was origin-
ally designed to determine whether a patient was eligible to
receive chemotherapy,25 and it is now widely used to determine
eligibility for clinical trials, measure quality of life, predict
treatment-related toxicities, and estimate prognosis in oncology
practices across different cancer types.26–31 The ECOG score
contributed as a prognostic factor in patients with CUP since it
represents the general health of the patient and quantifies the
activities of daily life.23,31 In Table 5, we summarized known
poor prognostic factors from selected retrospective studies.

Poor prognostic group

ECOG¼Eastern Cooperative Oncology Group, NLR¼ neutrophil-to
These factors can be divided into 2 major categories. First
category is a patient’s demographics, including gender, age,
tobacco usage, performance status, and blood cell counts.

FIGURE 1. Kaplan–Meier survival curves for patients stratified by
prognostic groups.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Second is a patient’s disease status, that is the number of
metastatic sites, visceral organs involvement, and tumor burden.
Our study showed that this risk model combining the patient’s
demographic with ECOG score and neutrophil-to-lymphocyte
ratio as well as the disease status with visceral organ involve-
ment could provide better risk stratification of survival times
than the ECOG score alone.

The NLR is an emerging marker of host inflammation and
has been shown to be an independent prognostic factor in
numerous epidemiologic studies of various cancer types.32

Higher NLR has been found to be consistently associated with
more advanced stage and more aggressive tumor behavior.33 A
putative mechanism hypothesizes that lymphocytopenia would
negatively regulate tumor defenses by inducing cytotoxic cell
death and inhibiting tumor proliferation.34,35 In contrast,
increased neutrophil counts may decrease the cytolytic activity
of lymphocytes or natural killer cells and could promote tumor
growth.36,37 More recently, Mohamed et al reported that inflam-
matory markers with NLR and Glasgow Prognostic scores were
both independent prognostic factors and were superior to ECOG
score in patients with CUPs.8 Similarly, this study confirmed

3–4

phocyte ratio, SE¼ standard error.
with other systemic inflammatory markers, such as C-reactive
protein 38 and the Glasgow Prognostic Score,39 NLR is easily

FIGURE 2. Receiver operating characteristic analysis using the
prognostic score (blue line) and Eastern Cooperative Oncology
Group (ECOG) scale (green line) for the outcome of 1-yr mortality.

www.md-journal.com | 5



TABLE 5. Comparison of Different Retrospective Review of Patients With CUP and Prognosis

Author No Yr, Country mOS Negative Prognostic factors in Multivariate Analysis

Abbruzzese JL, et al18 657 NA, USA NA Sex, number of organ sites involved, specific organ sites
involved, and pathologic subtypes.

Hemminki K, et al19 7730 1987–2008, Sweden NA Small intestinal cancer, abdominal and intrapelvic metastases
Petrakis D, et al9 311 1988–2011, Greece 8.0 Leucocytosis (>10,000/mm3), visceral subgroup and

performance status>1
Pouessel D, et al14 118 1993–2002, France 6.6 Serum LDH level and performance status
Penel N, et al11 429 1993–2007, France 6.3 Performance status>1, at least one comorbidity requiring

treatment, LDH > upper limit of normal and low albumin or
protein levels

Mohamed Z, et al8 60 1996–2011, UK 5.9 NLR>5 and modified Glasgow Prognostic Score (mGPS) score
1–2

Seve P, et al13 317 1998–2004, Canada 3.5 Liver metastases and low albumin level
Ponce Lorenzo J, et al12 100 2002–2006, Spain 4.7 Poor performance status, weight loss more than 10%, presence

of liver metastases and more than two metastatic sites
Trivanovic D, et al20 145 2002–2007, Croatia 11.0 Elevated LDH, prolonged QTc interval, liver metastasis and

performance status> 1
Shaw PH, et al21 169 2003–2003, UK 4.0 male, poor performance status, liver metastases
Randen M, et al10 134 2003–2010, Sweden 3.4 Multiple sites or of the liver, high age, male gender,

adenocarcinoma histology, and tobacco use
Loffler H, et al31 223 2006–2010, Germany 16.5 Poor performance status and the number of organ systems

involved
This study 190 2007–2012, Taiwan 6.8 ECOG scale �2, NLR >3, Presence of visceral organ

involvement

dro
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calculated from routine complete blood counts with differen-
tials, which is an essential blood test in cancer patients.

The use of antitumor therapy is a positive prognostic factor
in patients with CUP.40 However, we did not include this variable
in the survival analysis because it could be confounded by other
variables, such as performance status, histological subtype, meta-
static site, and the clinicians’ preferences. Therefore, this variable
could not be used immediately after CUP was diagnosed. From a
practice point of view, estimating an individual patient’s outcome
immediately after a diagnosis of CUP could provide valuable
prognostic information to the clinician, patients, and their
families. To preserve the utility of this model for decision making,
we used only the clinical variables that are easily accessed and
available at the time of CUP diagnosis. Neither the cancer type,
specific laboratory value, type of treatment strategy, nor the post-
treatment variables were added for analysis, despite the fact that
these could influence mortality. Therefore, this model could be
used in routine clinical practice to predict outcomes in all patients
with a new diagnosis of CUP.

The optimal systemic treatment for CUP has not been
established. Platinum-based chemotherapy in combination with
paclitaxel, docetaxel, gemcitabine, and irinotecan has been
reported to have objective response rates ranging from 18%
to 55%.41–45 Although there is no standard treatment for CUP,
proper management can still lead to long-term survivorship.
Kaizu et al demonstrated that definitive chemoradiation with
platinum-based chemotherapy for cervical lymph node metas-
tases from CUP was well tolerated, with a 5-year overall
survival of 52%.46 We believe that this prognostic score is

ECOG¼Eastern Cooperative Oncology Group, LDH¼ lactodehy
NLR¼ neutrophil-to-lymphocyte ratio.
important to aid in the decision-making process for patients and
clinicians regarding the treatment strategy of CUP. Patients
with a good prognosis may be encouraged to undergo more

6 | www.md-journal.com
aggressive and multidisciplinary antitumor therapies. In con-
trast, for patients with a particularly poor prognosis, given their
median survival of only 2 months in our study, antitumor
therapy may represent a futile treatment. Appropriate end-of-
life care should be provided for patients categorized into the
poor prognostic group.

The strengths of our study included large patient numbers
from a single institute in Taiwan over a 6-year duration. To the
best of our knowledge, our study is the first to develop a
prognostic model in Asian populations of patients with CUP.
However, this study had several limitations. First, a selection
bias may exist, as this was a retrospective study. Second, the
clinical practice and healthcare system in Taiwan may differ
from other countries. Therefore, this model may not be applied
to all cancer patients worldwide. It is essential that this risk
model be validated externally in other countries before it can be
used in clinics worldwide. In a population-based study, Urban
et al reported a higher incidence of CUP among elderly,
females, blacks, and those from less affluent or educated
counties,6 while Shu et al found a lower incidence of CUP
among Asian immigrants in Sweden.7 In our study, all patients
were Taiwanese with a relatively similar life style. It would be
difficult to draw any conclusion from our result to address the
potential impact of race and environment on CUP incidence in
our study. A multicountry, multivariate analysis on all pub-
lished data would be helpful to identify if certain ethnic group or
environment is more likely put a patient at risk of CUP. Third,
our study included a heterogeneous patient group with respect to
antitumor treatment modalities; as such, there was selection bias

genase, mOS¼median overall survival (mo), NA¼ not available,
regarding which patients were offered the treatment, and the
effectiveness of the antitumor therapy may also potentially
affect patient outcome.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



In conclusion, this study developed a simple risk model
that accurately predicted survival in patients with CUP. This
scoring system may be used to help patients and clinicians in
deciding appropriate treatments.
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31. Löffler H, Puthenparambil J, Hielscher T, et al. Patients with cancer

of unknown primary: a retrospective analysis of 223 patients with

adenocarcinoma or undifferentiated carcinoma. Dtsch Arztebl Int.

2014;111:481–487.
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