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(Abstract )

Introduction: Hepatoid adenocarcinoma of the lung is a very rare primary malignancy of the lung which
shows histopathological characteristics of hepatocellular carcinoma and is associated with a poor prognosis.
Currently, there is no established treatment for hepatoid adenocarcinoma of the lung.

Case report: We report the case of a 66-year-old woman who presented with unspecific pulmonary
symptoms and was later diagnosed with hepatoid adenocarcinoma of the lung. The patient was treated
with a combination of different therapies including surgery, immunotherapy, chemotherapy and radiation
therapy. The patient died 22 months after diagnosis and the following autopsy revealed several metastases.
Death was caused by a combination of circulatory failure paired with respiratory insufficiency, pneumonia

and multiple pulmonary embolisms.

Review: We created a virtual patient collective of 52 cases including our own. Analysis revealed male
sex, smoking and advanced age as potential risk factors for hepatoid adenocarcinoma. Patients who were

treated with a surgical approach survived longer than patients who received medically-based therapies.

Discussion: Hepatoid adenocarcinoma should be considered as a potential differential diagnostic for
patients who initially present with unspecific symptoms and clinical signs of a progressed malignant
pulmonary disease. The diagnostic process of hepatoid adenocarcinoma is quite heterogenous.

Therefore, a standardised histopathological examination should be established to avoid misdiagnosis. As

the hepatoid adenocarcinoma of the lung is a rare entity, there is no established treatment so far.

Conclusion: The establishment of an international register for hepatoid adenocarcinoma of the lung could

lead to earlier detection of this rare malignancy and could help to develop new treatment options.
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Introduction

Hepatoid Adenocarcinoma of the Lung (HAL) is a rare malignancy which presents morphologic fea-
tures of hepatocellular carcinoma but is primarily located in the lung. However, clinical presentation of the
patients is similar to patients suffering from more common subtypes of pulmonary adenocarcinoma. To de-
tect HAL, elevated levels of Alpha-Fetoprotein (AFP) can be a potential diagnostic hint, but biopsy and his-
topathologic analysis remains the gold standard [1]. HAL was first described as its own entity by Ishikura et
al. in 1990 [2]. Compared to other histopathologic subtypes of pulmonary adenocarcinomas, the incidence
of HAL is very low. Despite the low number of cases worldwide, it seems that HAL shows a poorer prognosis
compared to usual adenocarcinoma of the lung, but it still lacks an established therapeutic standard as well
as reliable prognostic factors [3]. The pathogenesis of this tumour entity remains unknown [3]. There is a
lack of empirical evidence as there is no official database for hepatoid adenocarcinoma, especially of the
lung. Additionally, there is no established therapeutic standard for HAL and there are no validated prognos-
tic factors for HAL [3,4].

For diagnosis, histopathological examination [4] including immunohistochemical analysis for Cy-
tokeratin 7 (CK7), thyroid Transcription Factor-1 (TTF-1) and Hepatocyte-Paraffin 1 (HepPar1) is man-
datory. Pulmonary metastasis of hepatocellular carcinoma must be ruled out using appropriate imaging

modalities [5].

To our knowledge, we are presenting one of the few reported cases of HAL in Germany as this type

of malignancy is mainly found in Asia [5,6].
Case Report

A 66-year-old Caucasian female ex-smoker, who was first diagnosed with HAL in December 2020,
presented with a history of invasive lobular breast carcinoma in 1996 and was treated with breast conser-
ving surgery as well as radiotherapy. The only other known comorbidity was arterial hypertension. She
had a smoking history of 40 pack-years but stopped smoking in 2018. At that time, her presenting symp-
toms were a swelling of her left dorsal thoracic wall and a weight loss of 10 kg within 6 weeks. She initially
presented to an orthopaedic clinic with excruciating pain and was referred to our university hospital for a

possible sarcoma. The following diagnostic procedures revealed a tumour, suspicious of malignancy, in her
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left lung with an involvement of the adjacent thoracic wall. The necessary disease staging did not reveal any
further tumours, especially, there was no indication of a potentially malignant liver lesion in her radiologi-

cal examinations.

To differentiate between metastasis of previously known mamma carcinoma, a post-radiogenic
malignancy caused by her previous treatment and primary lung cancer, a CT-guided biopsy was perfor-
med; the following histopathologic analysis confirmed non-small cell cancer without immunophenotype of

breast carcinoma.

Supposing primary lung cancer, resection including the lingula and the left ventral thoracic as well
as the dorsal thoracic tumour and the dorsal thoracic wall was performed. Although the malignancy had
already progressed, the interdisciplinary tumour board made the decision for surgical resection with the
goal of a palliative treatment and reduction of the patient’s pain. The decision was in accordance with
German guidelines at that time as it was recommended to plan an individual approach for palliative care
patients [7]. The surgical procedure was successful in relieving the patient’s symptoms and a complete in
sano resection of the tumour was achieved. Histologic analysis revealed hepatoid morphology and positi-

vity of the tumour cells for Hepar1 and CK7, leading to the diagnosis of HAL.
In summary, lung cancer stage group was [Va according to UICC/A]JCC.

The patient received an adjuvant chemotherapy (carboplatin and paclinab) as well as immunothe-
rapy (pembrolizumab) as a second line therapy. The adjuvant therapy was in accordance with German
guidelines at that time [7]. She was diagnosed with stable disease in June 2021 and received a maintenance
therapy (pembrolizumab) as well as radiotherapy of mediastinal lymph nodes as the surgical specimen

showed indications of lymphatic metastasis.

The patient presented again in September 2021 due to a swelling next to the surgical site. CT scans
confirmed disease progression in form of soft tissue metastasis of the anterior thoracic aperture as well as
an increase in reactive change of the left interlobular fissure. In consequence of the progress, the patient
received second line chemotherapy (docetaxel and nintedanib) [7]. The patient died 22 months after the
first diagnosis. The following autopsy revealed metastasis in abdominal and cervical lymph nodes as well
as bone metastasis (iliac crest) (Figure 1) resulting in malignancy-related toxic circulatory failure in com-

bination with respiratory insufficiency, pneumonia and pulmonary embolisms (Figure 1).
Histology

Postoperative pathological examination confirmed advanced tumour stage (pT4, pN1) with lymph-
and hemangioinvasion. All resection margins were tumour-free. In histological analysis, tumour cells were
arranged in nests and stripes, closely resembling hepatoid growth pattern (Figure 2A). The tumour cells
showed anisonucleosis, enlarged nuclei and hyperchromasia (Figure 2A). Immunohistochemically, CK7-
positive tumour cells were TTF1-negativ in nuclei but showed weak cytoplasmic staining of TTF1 (Figure

2B). 50-60% of the tumour cells were positive for Ki67. Interestingly, tumour cells were positive for Hepa-
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tocyte and they showed a weak positive staining for AFP (Figure 2E). NapsinA was negative. Less than 1%

of tumour cells were positive for PDL-1. Molecular analysis showed no mutations in genes for BRAF, EGFR,
KRAS, ALK, ROS1, RET and NTRK (Figure 2).

Additionally, tumour cells were positive for E-cadherin but negative for estrogen receptor and

GATA3. Histopathological examination made a recurrence of the lobular mamma carcinoma unlikely.
Review of Literature

We conducted a review of the existing literature regarding hepatoid adenocarcinoma of the lung.
Therefore, we searched PubMed (last updated 05/08/2023) using the keywords “hepatoid adenocarci-
noma of the lung” and “hepatoid adenocarcinoma lung”. We filtered the results for free full text availability
and articles in English language. We reviewed the literature and used it to create a virtual collective of
patients. We excluded case reports from data bases that diagnosed the HAL in retrospect or that reported
different locations of the hepatoid adenocarcinoma than the lung. Overall, we included 52 cases from which
51 have already been published as well as our own case. Furthermore, we restricted our analysis to survi-
val analysis (Kaplan-Meier as imbedded in GraphPad Prism 8) and descriptive as well as analytic statistics
using IBM SPSS statistics. We deemed the data unsuitable for further statistic tests as the data quality and

availability was severely restricted in some cases.

The majority of cases (for cases see Table 1) were male patients (88.5%) whereas only 11.5% were
female. Smoking status was only available in 44 cases, but the analysis showed that most of the patients
(63.5%) had a smoking history. The patients age ranged from 26 to 78 years at the time of diagnosis, the
median being 63 years (mean age was 60.35 years). There was no consistent report of any specific molecu-
lar markers like PDL-1 or EGFR. However, in 42.3% of all included cases an elevation of AFP in the patient’s
serum was measured ranging from 1.0 ng/ml to a maximum of 97561.0 ng/ml with a median of 2473.5 ng/

ml. The average concentration of AFP was 10762.92 ng/ml.

For survival analysis only cases reporting time of survival as well as death or continued survival of
the subject were included. Cases reporting survival were censored for the analysis and cases which did not

report a therapy were excluded for the comparison of different therapies.

As Figure 3A shows, survival after diagnosis rapidly decreases with a median survival of only 15
months after diagnosis. After 24 months, only about 30% of all patients are still alive. Figure 3B shows the
difference in the patient’s survival after exclusively surgical therapy (N=9) or a combined therapy of diffe-
rent therapeutic modalities including surgery or interventional, radiotherapy, chemotherapy, immunothe-
rapy as well as targeted therapies (N=35) and therefore represents a rather heterogenous group. There is
no significant difference between both groups (P value>0.05), however the median survival in the “surgery
only” collective is 34 months whereas in the “combined therapies” collective the median survival is only 14

months after diagnosis.
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Figure 1: Depiction of metastasis and primary tumour.
Right neck: cervical lymph node metastasis.

Chest: primary lesion is marked on both sides.
Abdomen: abdominal lymph node metastasis (pN3).
Gelvis: bone marrow metastasis in illiac crest (pM1b).
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Figure 2: Histology of hepatoid adenocarcinoma of the lung. Magnification 200x. Scale bar 50 pm.

A) Nested structures of neoplastic cells with nuclear atypia in the lung mimicking hepatocellular carcinoma.
Hematoxylin-Eosin (HE)-staining.

B) Neoplastic cells with weak cytoplasmatic staining of thyreoid transcription factor-1 (TTF1) (as it is seen
in hepatocytes). In the right lower part, local pneumocytes show nuclear staining for TTF1. TTFlimmuno-
histochemistry.

C) Neoplastic cells with cytoplasmatic staining of Hepatocyte. Hepatocyte-Paraffin 1 (HepPar1) immunohis-
tochemistry.

D) Neoplastic cells with cytoplasmatic staining of cytokeratin (CK7). Cytokeratin7 immunohistochemistry.
E) Neoplastic cells with staining of alpha-fetoprotein (AFP). AFP-immunohistochemistry.

J
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Figure 3: Patient survival
A) Overall survival of enclosed patients in relation to the time in months after diagnosis
(N=47).
B) Survival compared between a “Surgery only” and “Combined therapies” group (N=44) .

~
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CTable 1: Results of previous cases. )
Sex Age Smoking Staging AFP [ng/ml] Ki67 [%] Treatment Outcome Survival Reference
[years] Status [months]

M 51 Y I1IB 1.3 / ST, RT, CT D 14

M 52 Y IV / / ST, RT, CT D 37

M 64 Y 1\% 1 / ST, RT, CT D 10 1
M 54 Y I\ / / RT, CT D 108

M 60 Y 1\% 4410 / RT, CT D 1

M 61 Y IA n / ST, RT D 6 2
M 47 Y 1\% n / ST D 4 3
M 59 Y IB n 20 ST S 23 4
M 53 N / 3296 20 ST, RT,CT, TT S 29 5
M 69 / IB 4497 / ST, RT, CT S 51 6
M 64 / 1\% 181 / RT, CT, TT, IT D 11 7
F 65 N 1\% 6818 / RT, CT, TT D 52 8
M 43 Y / / / RT, CT, IT / 9
M 70 Y IV n / RT,CT, TT D 9 10
M 70 Y [IIA n / ST D 18 11
F 62 Y 1A 9010 / ST, RT, CT, IT D 14 12
M 61 / [TIA n / RT, CT D 55 13
M 54 / v n / RT,CT D 3 14
M 71 Y IIC 79480 80 ST, RT, TT D 1 15
M 55 Y / 1651 / CT,IT D 9

M 61 Y / n / ST,IT D 22

M 49 N / 221 / / / 1o
M 67 Y / n / / D
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M 70 Y / / /
17

M 70 Y / / /

M 67 Y 1B n / ST, RT D 13 18

M 40 Y 111B 213 / CT D 23

M 74 Y v n / RT D 2 Y

M 52 N I\ n / CT D 8

M 65 Y v n / CT D 0.5

M 67 Y v / / / / /

M 26 N I\ 77.7 / CT D 2

M 63 / / / / D 4 20

M 54 Y 13.7 / CT,IT S 4 21

M 55 Y I\ 9238 40 CT,IT S 13 22

F 67 N / / / CT,IT D 10

F 61 / / / / ST, RT, CT S 5 23

M 78 Y 11 / 60 ST, IT S 5

M 70 Y 11 / 30 ST D 18 24

M 66 Y / n / / D 0.5 25

M 63 / 1 n / ST D 6 26

M 48 Y / 6238 / RT, CT D 16.5 27

M 60 / 11 1210 / ST, CT D 15 28

M 66 Y / / / ST S 46

M 64 N / / / ST S 26

M 64 N / 20.15 / ST S 23 2

M 63 N / 8.32 / ST, CT D 18

M 65 Y / 5820 70 ST, CT, IT S 12 30

M 41 Y 11 / 60 RT D 12 31

M 66 Y I\ 97561 / CT D 19 32

F 65 N v 6818 / CT,IT D 52 33

F 66 Y IVA / 50-60 | ST,RT,CT,IT D 22 Own case

M: male, F: female, Y: smoker, N: non-smoker, n: reported as normal AFP, ST: surgical therapy, RT: radiotherapy, CT: chemother-
apy, IT: immunotherapy, TT: targeted therapy, S: patient still alive at time of publication, D: patient deceased before publication, /:
information not available because not reported in initial paper, patient lost to follow-up or patient declined treatment.

Discussion

The case we presented shows typical histopathological features of HAL including typical immuno-
histochemical phenotype (positivity for HepPar1, CK7 and AFP) [8]. A primary hepatocellular carcinoma
was excluded using radiology (lifetime) and post mortem autopsy. The advanced tumour stage at the time
of diagnosis as well as fast tumour progression are typical characteristic of HAL [4]. However, most patients
present with unspecific symptoms at the time of diagnosis as seen in our case, so diagnosis of HAC should
be standardised to avoid misdiagnosis [1,3]. The review of Li et al. might be a guide for future guidelines on
histopathological diagnosis [1]. However, Agaimy et al. found different sets of molecular markers which are

associated with hepatoid adenocarcinoma and TTF-1 negative adenocarcinomas in general. There is a need
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for further research to determine if the entity of non small cell lung cancer described by Agaimy et al. is a
subtype of HAL or another type of a primary lung malignancy with a hepatic differentiation [6].

In accordance with the available data, we are suggesting that risk factors might be male sex as well
as a history of smoking and age which are general risk factors for adenocarcinoma of the lung [1,9]. The-
refore, we suggest that HAL should be considered as a possible differential diagnosis for patients in an ad-
vanced tumour stage at the time of diagnosis. In terms of treatment, a primarily surgical treatment might
be superior to combined therapies for limited and locally progressed HAL when it comes to patient survi-
val. A similar treatment is suggested in the current and in the previous German guideline for the treatment
of pulmonary adenocarcinoma for patients in limited stages of their disease [7,10]. Similar to German gui-
delines for pulmonary adenocarcinoma, Li et al. found evidence that surgical treatment might be the best
therapeutic approach in early stages of HAL and that the therapeutic success might be increased using an
adjuvant therapy [1]. The fact that surgery is the preferred treatment option in early stages of the disease
might explain why patients who were treated with surgery only had a better prognosis than patients with a
combined therapeutic approach as the latter is the option for a progressed stage of disease. However, there
is no conclusive evidence for targeted therapies or immunotherapies as a therapeutic option for hepatoid
adenocarcinoma, but they might be a treatment option for patients in progressed stages of their disease,
like chemotherapy and radiation therapy are today [1,11]. It should be noted that Hepatoid Adenocarci-
noma of the Stomach (HAS) and HAL both have a rather poor prognosis and that therefore the prognosis

does not depend on the specific subtype of hepatoid adenocarcinoma [1,11].

Current therapeutic approaches for HAL and HAS are similar and show similar results. Therefore,
both subtypes might profit of a treatment which is focused on treating hepatoid adenocarcinoma rather

than a treatment which is focussed on treating specific subtypes [1,11].

However, the heterogeneous quality of case reports or series describing HAL severely limits the
possible extend of data extraction. Thus, it limits the quality of all conclusions that were determined using
the data.

Conclusion

Therefore, we suggest the establishment of an international register for rare tumour entity to esta-
blish reliable tumour markers with the purpose of detecting tumours in earlier stages and to allow further

molecular analysis to achieve new therapeutic approaches.
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