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Distribution patterns of the metastases 
of the lung carcinoma in relation to 
histological type of the primary tumor: 
An autopsy study
Ivana Savic Milovanovic, Mihailo Stjepanovic1, Dragan Mitrovic

Abstract:
INTRODUCTION: Lung cancer is among leading causes of death worldwide. Different histological 
types of the lung carcinoma show significant differences in behavior.
OBJECTIVES: The aim of this study is to determine the distribution patterns of metastases of different 
lung cancer histological types in autopsied individuals.
METHODS: Protocols from all autopsies performed at the Institute of Pathology from 2008 till 2014 
were reviewed retrospectively, and information on individuals’ age, sex, histological type of primary 
lung cancer, presence and location of metastases, and causes of death were recorded.
RESULTS: More than 90% of the individuals with lung cancer metastases were older than 
50 years (mean age: 64.5 ± 10.3), with two‑fold male predominance. The most frequent histological 
type in both sexes was adenocarcinoma (48%). Although, in general, hematogenous metastases 
were mostly found in the liver and adrenal glands, various histological types of lung cancer show 
specific dissemination patterns. Metastases in adrenal glands derived mostly from adenocarcinoma 
and large‑cell carcinoma. Metastases in the intestines most frequently originated from large‑cell 
carcinoma  (P = 0.01). Metastatic complications and bronchopneumonia were the most frequent 
causes of death.
CONCLUSIONS: While, overall, the most frequent hematogenous metastases occur in the liver 
and adrenal glands, various histological types of lung cancer show specific dissemination patterns. 
Knowing distribution of metastases is essential for making algorithms of treatment, as well as for 
improving clinical assessment of the patients with unclear clinical findings and suspicion on occult 
primary lung cancer.
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Lung carcinoma is one of the leading 
cancer‑re la ted causes  of  death 

worldwide.[1] In Serbia, according to the data 
from the National Institute of Public Health 
“Dr.  Milan Jovanović Batut,” Belgrade, 
lung carcinoma dominates and accounts for 
25.8% of deaths due to malignant tumors in 
men and 7.9%  (after breast and colorectal 
cancers) in women.[2] Heavy smokers have 
even 20‑fold higher risk of lung cancer 
due to benzopyrene from tobacco and 

accumulated numerous genetic mutations 
in reserve cells.[3]

A c c o r d i n g  t o  t h e  W o r l d  H e a l t h 
Organization, four main histological types 
of lung cancer are squamous cell carcinoma, 
adenocarcinoma, small‑cell carcinoma, and 
large‑cell carcinoma.[3] These histological 
types differ in biological behavior and 
prognosis,  with the small‑cell  lung 
carcinoma (SCLC) often being contrasted 
with three remaining nonsmall‑cell lung 
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carcinomas  (NSCLCs).[4,5] Lung cancer spreads both 
through lymph and bloodstream, and the metastases 
are responsible for many negative effects of this disease. 
Systemic effects of lung cancer’s metastatic spreading 
can manifest as general weakness, cancer cachexia, 
weight loss and depletion of fat reserves, muscular 
atrophy, and malaise. These effects are related to tumor’s 
secretion of a variety of cytokines that induce lipolysis 
and increased protein metabolism, reduce glucose 
uptake by the cells, and stimulate gluconeogenesis from 
the proteins.[6,7]

Prognosis of the disease is based on the TNM cancer 
staging system, where T1–T4 stands for primary tumor’s 
spreading  (increasing the tumor’s size or invasive 
growth by direct penetration to the surrounding 
tissue), N0–N3 for dissemination to the regional 
lymph nodes, and an M0–M1 for absence or presence 
of distant metastases.[5,8] However, despite numerous 
studies investigating general mechanisms of tumors’ 
dissemination,[9,10] epidemiology of cancer metastases is 
still insufficiently understood.[11] Moreover, it is useful 
for the clinical practice not only to explore the frequency 
of various histological types of the lung cancer but also 
tropism of the tumor cells of various histological types 
to different tissues and organs. By revealing differential 
dissemination patterns of different tumor types, it may 
be possible to assume the histological type of the lung 
cancer and its prognosis in a clinical context based on 
the specific distribution of the metastases.

Given that population‑based cancer registries rarely 
record locations of metastases;[11] autopsy studies are 
indeed necessary to gain profound understanding of 
the distribution of metastatic deposits in different tumor 
types. In particular, autopsy reports are a relevant source 
of information of metastatic deposits of lung cancer 
that may have gone unnoticed clinically or erroneous 
clinical diagnoses, as well as of true causes of death.[12,13] 
Hence, the aim of the present study was to investigate 
the distribution of the metastases of the lung cancer in 
autopsy cases to determine the differential dissemination 
patterns of different histological types.

Methods

Protocols from all autopsies performed at the Institute 
of Pathology in the period from January 1, 2008, till 
December 31, 2014, were reviewed retrospectively. 
We recorded the information on individuals’ age, 
sex, histological type of lung cancer, locations of 
lymphogenic and hematogenic metastases, as well as 
the cause of death. In addition, the survival time (time 
from clinical diagnosis to death), as well as the modes 
of applied anticancer treatment, were recorded where 
available.

Of the total number of autopsied individuals in this 
period, 175 (2.84%) with lung carcinoma presented with 
lymphogenous or hematogenous metastases. Histological 
type of the tumor was ascertained by hematoxylin and 
eosin staining, while specific immunohistochemical 
stainings were performed for clarification as necessary.

Statistical analysis was performed in a standard statistical 
software package (SPSS version 15.0, SPSS Inc., Chicago, 
IL, USA) and encompassed Student’s t‑test, ANOVA, 
Spearman’s correlation, Chi‑square, or Fisher’s exact 
probability test. The statistical significance was set at 
the 0.05 level.

Results

Demographic characteristics and frequency of 
different histological types of primary lung cancer
Our autopsy study revealed that there were 175 individuals 
(2.84%) with lung cancer metastases. The average age of 
the autopsied individuals with lung cancer metastases 
was 64.5 ± 10.3 years (range: 25–89 years). There were 
119 men (68%) and 56 women (32%) (P < 0.001). The mean 
age was 63.8 ± 10.7 years in men and 66.2 ± 9.4 years in 
women. There were no significant differences in age 
between men and women (P = 0.145). Yet, in both sexes, 
more than 90% of individuals showing lung cancer 
metastases were older than 50 [Figure 1a].

Histological types of lung cancer showed a specific 
distribution in our sample  (P  <  0.001), with the most 
common histological type being adenocarcinoma (48%), 
followed by small‑cell carcinoma  (29.2%), squamous 

Figure 1: (a) Age distribution of the 175 autopsied individuals with lung cancer 
metastases. (b) Occurrence of various histological types of the primary lung 

carcinoma in 175 autopsied individuals with lung cancer metastases

a

b
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cell carcinoma (15.4%), and large‑cell carcinoma (7.4%) 
[Figure 1b].

In men, adenocarcinoma  (47.9%) was followed by 
small‑cell carcinoma (27.7%), squamous cell carcinoma 
(16.8%), and large‑cell carcinoma  (7.6%). Likewise, 
adenocarcinoma was the most common histological type 
in women (48.2%), with slightly increased percentage of 
small‑cell carcinoma (32.1%), followed by squamous cell 
(12.5%) and large‑cell carcinoma (7.1%). There were no 
statistically significant differences in the distribution of 
histological types among the sexes (P = 0.878) [Table 1]. 
In addition, there were no differences in age between 
the individuals with different histological types of the 
lung cancer  (ANOVA, in men: P  = 0.655, in women: 
P = 0.872) [Table 2].

The time from clinical diagnosis of the lung cancer to 
death differed between SCLC and NSCLC (P = 0.019); 
namely, all individuals with SCLC died within 3 years 
from the diagnosis, whereas 25% of individuals with 
NSCLC lived more than 3  years after the clinical 
diagnosis. Considering four histological types of the 
lung cancer separately, it was evident that about 30% 
of individuals with adenocarcinoma or squamous 
cell carcinoma lived more than 3  years after clinical 
diagnosis, whereas no one with large‑cell carcinoma 
or small‑cell carcinoma survived 3 years (P = 0.02). In 
particular, large‑cell carcinoma was fatal, with nearly 
60% of individuals dying within the 1st year.

According to available clinical data, 17.4% of the 
individuals were subjected to surgical treatment 
(69% ‑ adenocarcinoma, 19% ‑ squamous cell carcinoma, 
and 12% ‑ SCLC). Surgically treated individuals showed 
significantly improved survival time (P < 0.001): more 

than 70% of them lived more than 3 years, while nearly 
45% survived more than 4 years. The best results were 
achieved in the case of adenocarcinoma: more than 80% 
survived more than 3  years, which was significantly 
higher than in nonoperated individuals (P < 0.001). All 
individuals with SCLC died within 3  years from the 
diagnosis. In addition, more than 90% of individuals 
received chemotherapy, either alone or combined with 
surgery (17.4%) or radiotherapy (9.8%).

Distribution of metastases of the primary lung 
carcinoma
Lymphogenous metastases were present in hilar lymph 
nodes in nearly half of the individuals (45.7%), followed 
by metastatic deposits in tracheobronchial  (39.6%), 
paratracheal (20.6%), and paraaortic abdominal lymph 
nodes (11.4%). In 28 individuals, signs of these metastases 
were not observed. Distribution of individuals with 
lymphogenous metastases in relation to the tumor’s type 
was concordant with the distribution of the histological 
types in the whole sample.

Lung cancer most commonly spread through bloodstream 
to the liver (34.3%) and adrenal glands (32.6%), followed 
by bones  (14.9%) and other organs: central nervous 
system (CNS) (12%), kidney (10.9%), myocardium (9.1%), 
pancreas (5.1%), spleen (4%), stomach (2.3%) and small 
or large intestines (3.4%), thyroid gland (1.7%), and the 
ovary  (0.6%). Age of the individuals with metastases 
located in the kidney, adrenal glands, myocardium, 
or CNS was about 5  years lower than in individuals 
in whom these locations were spared (i.e., on average 
60 vs. 65 years; P = 0.04, P = 0.01, P = 0.04, and P = 0.02, 
respectively). However, the time from initial diagnosis 
to death was not significantly influenced, except in those 
with myocardial metastases who tended to die sooner 
than those without myocardial metastases  (P  =  0.06). 
Interestingly, all individuals with metastases in intestines 
died within the 1st year after clinical diagnosis of lung 
cancer (P = 0.023).

Distribution of metastases depending on 
histological type of the primary lung carcinoma
Figure  2 shows spatial distribution of the metastases 
in relation to the histological type of lung carcinoma. 
Division of the whole sample into two age groups 
(a group younger than 65 years and the group of elderly, 
i.e.,  65  years and above) showed that the pattern of 
metastatic dissemination differed [Figure 3].

Nonsmall‑cell lung carcinoma
Observing the group of NSCLC, metastatic deposits were 
found most often in adrenal glands and the liver (37.9% 
and 33.1%, respectively). More than 80% of all adrenal 
metastases and nearly 70% of all liver metastases 
originated from NSCLC.

Table 1: Distribution of histological types of lung 
cancer in relation to sex
Histological type of the 
lung cancer

Sex Total (n)
Male, n (%) Female, n (%)

Adenocarcinoma 57 (47.9) 27 (48.2) 84
Squamous cell carcinoma 20 (16.8) 7 (12.5) 27
Small‑cell carcinoma 33 (27.7) 18 (32.1) 51
Large‑cell carcinoma 9 (7.6) 4 (7.1) 13
Total 119 (100) 56 (100) 175

Table 2: Age distributon in relation to histological 
type of the lung cancer
Type Age

Mean SD
Adenocarcinoma 63.8 11.3
Squamous cell carcinoma 64.5 8.6
Small cell carcinoma 66.4 9.5
Large cell carcinoma 62.6 10
Total 64.55 10.3
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Distinguishing between different types of NSCLC 
revealed that each of them showed specific distribution 
of metastases. Adenocarcinoma most often disseminated 
to the liver and adrenal glands  (each in more than 
35% of individuals), while squamous cell carcinoma 
spread mostly to the liver and adrenal glands but in 
lower percentage  (25.9% and 22.2% of individuals, 
respectively), commonly followed by bone  (14.8%). 
More than 45% of individuals with large‑cell carcinoma 

presented adrenal glands metastases, while other 
common metastatic locations included myocardium, 
intestines, and bone  (each in 15% of individuals). 
Metastases in the intestines most frequently originated 
from the large‑cell carcinoma and very rarely from 
squamous or adenocarcinoma  (P  =  0.041). Adrenal 
gland metastases were most likely to derive from 
adenocarcinoma  (more than 60% of all adrenal 
metastases, P = 0.022) [Figure 2].

Figure 2: Distribution of the lung cancer metastases per histological type: (a) number (n) of individuals with a particular metastasis is shown to present the frequency of 
metastases from different tumor types in the particular anatomical location; (b) percentage (%) of individuals with a specific histological type of the tumor that demonstrated 

the particular metastases is shown to demonstrate the dissemination patterns of different histological types

a b

Figure 3: Distribution of the lung cancer metastases in relation to age group. (a) Adenocarcinoma, (b) squamous cell carcinoma, (c) small‑cell carcinoma, and 
(d) large‑cell carcinoma

a b

c d
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We further considered the distribution of metastases 
in individuals who died within the 1st year from the 
clinical diagnosis. Those with adenocarcinoma showed 
adrenal metastases in 54% of cases, followed by liver 
metastases (27%). Squamous cell carcinoma spread to the 
liver in 67% of cases who died during the 1st year from 
the diagnosis, as well as to adrenal glands and bone (33% 
each). Even 75% of the individuals with large‑cell 
carcinoma who died during the 1st year had adrenal 
metastases, followed by intestinal and myocardial (50% 
each) or bone metastases (25% of individuals).

Small‑cell lung carcinoma
Small‑cell carcinoma’s metastases were most commonly 
found in the liver  (in more than 35% of individuals), 
followed by adrenal glands (nearly 20%), bone (17.6%), 
and CNS and myocardium  (13.7% each). Of note, 
in individuals who died within the 1st year from the 
diagnosis, 33% had liver metastases, and 22% had 
intestinal metastases.

Mutual correlations between the presence of 
metastatic deposits in different anatomical 
locations in each histological type of the tumor
Nonsmall‑cell lung carcinoma
In adenocarcinoma, the presence of liver metastases 
correlated with the presence of kidney and pancreatic 
metastases (ρ = 0.299, P = 0.006; ρ = 0.250, P = 0.022, 
respectively). Kidney metastases correlated with CNS 
metastases (ρ = 0.346, P = 0.001), while adrenal gland 
metastases correlated with thyroid metastatic deposits 
(ρ = 0.228, P = 0.037). Bone metastases correlated with 
pancreatic and gastric metastases (ρ = 0.303, P = 0.005; 
ρ = 0.306, P = 0.005). Pancreatic metastases also correlated 
with thyroid metastases (ρ = 0.445, P < 0.001), whereas 
intestinal metastases correlated with splenic metastases 
(ρ = 0.570, P < 0.001) [Figure 4].

In squamous cell carcinoma, the presence of liver 
metastases was correlated with bone metastases (ρ = 0.467, 
P  =  0.014), while renal metastases showed a strong 
relationship with adrenal metastases (ρ = 0.661, P < 0.001).

In large‑cell carcinoma, metastases in liver were 
strongly correlated with the presence of bone metastases 
(ρ = 0.677, P = 0.011).

Small‑cell lung carcinoma
In small‑cell carcinoma, the presence of liver metastases 
moderately correlated with bone metastases  (ρ = 0.282, 
P = 0.045) and pancreatic metastases (ρ = 0.324, P = 0.02). 
Adrenal metastases correlated with pancreatic and intestinal 
metastases (for both: ρ = 0.296, P  = 0.035). Pancreatic 
metastases also correlated with intestinal metastases (ρ = 
0.292, P = 0.038). Stomach metastases strongly correlated 
with spleen metastases (ρ = 0.485, P < 0.001) [Figure 4].

Causes of death
Causes of death noted in our sample were classified as 
metastatic complications, bronchopneumonia, acute 
respiratory distress syndrome, disseminated intravascular 
coagulation, hypovolemic shock, lung thromboembolism, 
pulmonary edema, and myocardial infarction. There was a 
statistically significant difference in frequency of individual 
causes of death (P < 0.001), with metastatic complications 
and bronchopneumonia being the most common in all 
tumor types [Figure 5]. There were no significant differences 
in cause of death between SCLC and NSCLC (P = 0.7). Yet, 
some patterns were noticeable: metastatic complications 
were the cause of death in nearly 60% of individuals with 
small‑cell carcinoma and those with adenocarcinoma, 
while bronchopneumonia was responsible for from 15.4% 
of deaths (in the case of large‑cell carcinoma) up to 33.3% 
(in the case of squamous cell carcinoma).

Discussion

Here, we have shown on an autopsy dataset that lung 
adenocarcinoma is the most frequent histological type 

Figure 4: Mutual correlations in the presence of metastatic deposits between 
different anatomical locations. (a) Adenocarcinoma and (b) small‑cell carcinoma

a

b

Figure 5: Causes of death of autopsied individuals with lung cancer metastases
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of the metastasizing primary lung cancer. This finding 
is in general agreement with previous worldwide 
reports showing that the incidence of different tumor 
types changed in recent years so that nowadays lung 
adenocarcinoma has overpowered squamous cell 
carcinoma.[13,14] Men are more often affected than 
women, and most individuals were older than 50, 
which is in rough agreement with other studies.[11,13] 
Lymphogenous metastases were most prevalent in hilar 
lymph nodes, whereas the most common localizations 
of the hematogenous metastases were in the liver, 
adrenal glands, and bone. Yet, our study revealed that 
dissemination pattern differed remarkably between the 
histological types of the primary tumor. Analysis of the 
distribution of the metastases revealed that those in small 
and large intestines were most commonly due to large‑cell 
carcinoma and most rarely from squamous cell carcinoma 
or adenocarcinoma. On the other side, metastases in 
adrenal glands mostly arose from adenocarcinoma.

In our study, liver metastases were present in more 
than a third of individuals, out of which more than 
30% originated from small‑cell carcinoma. Extensive 
and diffuse metastases of small‑cell carcinoma in the 
liver parenchyma were reported to potentially cause 
fulminant hepatic insufficiency (jaundice, coagulopathy, 
encephalopathy, and organs disfunction) with poor 
prognosis and often quick lethal outcome.[15] Accordingly, 
we found that 33% of the individuals with SCLC who 
died within the 1st year had liver metastases. Apart from 
small‑cell carcinoma, we found that liver was also a 
frequent location of metastatic foci in other histological 
types, which is in agreement in the findings from the 
study of Riihimäki et al.;[11] however, our findings indicate 
large‑cell carcinoma as an exception that rarely spreads 
to the liver.

Adrenal glands indeed are a frequent site of metastases 
of various cancers: breast cancer, lung cancer, renal 
carcinoma, melanoma, and lymphoma.[16] Following 
the initial diagnosis of nonsmall‑cell lung cancer, 
metastases in adrenal glands were reported already in 
10% of cases.[17] Furthermore, in advanced stages of the 
disease, nonsmall‑cell lung cancer metastases are usually 
bilateral and appear in 40% of patients.[18] We found 
that in autopsied individuals, more than 60% of adrenal 
metastases originated from lung adenocarcinoma. 
In particular, more than 50% of individuals with 
adenocarcinoma who died during the 1st year from the 
diagnosis had adrenal metastases, suggesting them as 
an important metastatic spot related to poor survival. 
The explanation of this observation may be in serious 
complications of adrenal metastases, such as bleeding[19] 
or adrenal insufficiency due to the presence of a tumor, 
where reduced steroid hormones production may 
compromise diagnosis of the primary tumor.[20]

Our study revealed that bone was the third most common 
location of hematogenous metastases and that all the 
histological types of the lung cancer spread to bones. 
Sugiura et al. estimated the survival rates in the patients 
with bone metastases of the lung cancer at 9.7 months 
after the diagnosis.[21] Better prognosis was recorded in 
women, in individuals where adenocarcinoma was the 
histological type, in cases of solitary bone metastasis, 
as well as in the individuals without pathological 
fractures.[21]

About 25% of patients with lung carcinoma show brain 
metastases in advanced stages of the disease. Solitary 
brain metastases may clinically present with seizures, 
symptoms of the increased intracranial pressure, or 
other nonspecific symptoms even before diagnosing the 
lung cancer. These have a poor prognosis that strongly 
depends on the number of brain metastases, presence 
of metastases in other organs, as well as stage of the 
very lung cancer.[22] We showed that most cases of brain 
metastases occurred in individuals with adenocarcinoma 
that was also the most frequent types of lung cancer; yet, 
small‑cell carcinoma presented the highest risk of brain 
metastases, which is in line with a previous report.[23] 
Our findings further showed that small‑cell carcinoma 
was most likely to metastasize to the CNS in individuals 
below the age of 65 years (more than 20% of individuals); 
other histological types also metastasize to the brain 
more often in younger individuals.

Although metastases are generally rare in the heart, we 
found that in all histological types except adenocarcinoma 
more than 10% of individuals displayed heart metastases 
[Figure  2b]. Earlier reports that adenocarcinoma was 
the most common histological type among lung cancer 
metastases in the heart[24] could not be supported by 
our findings  [Figure 2a]. Individuals with myocardial 
metastases tended to die sooner than those without 
myocardial metastases; particularly, 50% of individuals 
with large‑cell carcinoma who died within the 1st year 
after clinical diagnosis showed cardiac metastases.

Other generally rare metastases, such as gastric, 
intestinal, and pancreatic metastases, were found in 
higher percentage than in previous studies,[25,26] which 
may suggest that they are just rarely diagnosed in clinical 
settings. Similar to an autopsy study by McNeill et al.,[26] 
intestinal metastases were most often from large‑cell 
carcinoma, while adenocarcinoma and squamous 
cell carcinoma were rarely the sources of intestinal 
metastases. Interestingly, all individuals with metastases 
in intestines died within the 1st year after clinical 
diagnosis of lung cancer. One potential explanation may 
be related to the histological type that commonly spreads 
to the intestines (large‑cell carcinoma).
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In all histological types of the lung cancer, a tendency to 
either increased or similar metastatic dissemination was 
observed in younger versus elderly individuals in most 
of the anatomical locations [Figure 3]. Frequently, higher 
likelihood of metastasizing in younger individuals 
may not only signify more aggressive tumor forms but 
also age‑dependent differential metabolic dynamics or 
different survival rates. In contrast to a previous study,[11] 
we demonstrated that bone metastases are the most 
common exception to this rule, given that they were 
more likely in the elderly than in younger individuals 
with squamous cell or small‑cell carcinoma. This is, 
however, in general agreement with the previously 
reported age‑dependent metastatic behavior of prostate, 
breast, and lung cancers.[27]

Analyses of mutual correlations between different 
metastatic locations in most histological types of 
the lung cancer revealed a relationship between 
hepatic and bone metastases  (particularly strong in 
squamous and large‑cell carcinoma). Apart from that, 
different histological types showed quite different 
correlations between metastases in various anatomical 
locations  (intersite correlations). Namely, large‑cell 
and squamous cell carcinoma presented few intersite 
correlations, whereas adenocarcinoma and small‑cell 
carcinoma showed more developed pattern of mutual 
relationships between various metastases  [Figure  4], 
which should be exploited in patient evaluation in 
clinical practice.

To better understand the tropism of particular cancer 
types for certain tissues or organs, systematic recording 
of the type‑specific dissemination patterns should 
be performed. By remarkable decline of hospital 
autopsies in many countries,[28] valuable information 
for understanding the tumors’ dissemination and 
improving clinical practice is lost. In contrast, our 
large autopsy study revealed differential dissemination 
patterns of different lung cancer types that should 
be further considered in clinical situations. While 
autopsies may not be sensitive to detect very small 
metastases, for example, in brain and bones, that could 
be detected antemortem by advanced clinical imaging 
tools, still autopsies provide unprecedented specificity 
with pathohistological confirmation of the exact tumor 
type and state‑of‑the‑art determination of the cause of 
death. 

Conclusion

In conclusion, different histological types showed 
differential patterns of hematogenous metastatic 
spreading. Understanding of distribution of the 
metastases in different histological types of lung cancer 

is important in planning the therapeutic algorithm as 
well as in the cases of unclear clinical presentation and 
suspicion on occult lung cancer.
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