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Abstract:

Objective Recent studies suggest a significant association between sarcoidosis and malignancy, although the
results have remained controversial. The aim of this study is to evaluate the clinical features of patients with
sarcoidosis associated with malignant diseases in Japan.

Patients We conducted a medical record review of all sarcoidosis patients in Tohoku University Hospital
between January 1, 1981, and May 31, 2017.

Methods The clinical records and pathology reports for each patient were screened, and the clinical charac-
teristics of malignancies as well as sarcoidosis were reviewed.

Results A total of 52 (18.8%) patients with malignancy were identified among 277 patients with sarcoido-
sis. Among those 52 patients, we identified 62 with malignant diseases. These patients were older and more
likely to be women than the remaining 225 (81.2%) sarcoidosis patients without malignancy. The most preva-
lent malignant disease was breast cancer (14 cases, 22.6%), followed by stomach cancer (8 cases, 12.9%) and
lung cancer (7 cases, 11.3%). Among the 14 patients with both sarcoidosis and breast cancer, 8 (57.1%) were
diagnosed with breast cancer before sarcoidosis. All of these eight cases had undergone surgical resection of
the cancer.

Conclusion This study showed a higher incidence of patients with both sarcoidosis and malignancy in Ja-
pan than in some western countries. Breast cancer is the most prevalent malignant disease. The high fre-
quency of sarcoidosis after surgical resection of breast cancer may suggest a causative association between
malignancy and the development of sarcoidosis.

Key words: sarcoidosis, malignancy, breast cancer, surgery

(Intern Med 60: 209-216, 2021)
(DOI: 10.2169/internalmedicine.5441-20)

may prove causative because of their infectious and/or anti-

Introduction

Sarcoidosis is a systemic inflammatory disease character-
ized by non-caseating epithelioid cell granuloma and mainly
affects the intrathoracic lymph nodes and the lungs. Al-
though the etiology of sarcoidosis remains unclear, many
studies have suggested that genetic, host immunologic, and
environmental factors interact to cause sarcoidosis. (1, 2).
Environmental exposures to microbial agents, including My-
cobacteria and Propionibacteria, as well as other organisms

genic properties (2-4). Epidemiologic studies suggest that
other environmental exposures, including not only employ-
ment as firefighters (5, 6) or in the military (7) but also in-
secticides, agricultural employment, and microbial bioaero-
sols, might be associated with sarcoidosis (8).

Recent studies have suggested a significant association
between sarcoidosis and malignancy (9, 10). Sarcoidosis
may affect the development of malignancy (10-12). It is also
reported that either malignancy itself (13-15) or specific
chemotherapy agents may be predisposing factors for the de-
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velopment of sarcoidosis (16, 17). Notably, the incidence of
sarcoidosis in patients with malignancy is likely to be 175
times higher after lymphoma and 38 times higher after
breast cancer than in the general population (13). In addi-
tion, it has been reported that the risk of cancer, including
lung cancer or lymphoma, is high within the first three
months after the diagnosis of sarcoidosis, mainly due to in-
creased surveillance, or the initial misinterpretation of cancer
as sarcoidosis, and that the increased long-term (beyond 10
years after the diagnosis) risk of colon cancer or immune-
related cancers was notable and unlikely to reflect surveil-
lance bias alone (12). These reports suggest a significant as-
sociation between malignancy and sarcoidosis, although the
possible correlation between them has remained controver-
sial for decades (10-12, 18-20). However, little is known
about what kind of cancer is typically associated with sar-
coidosis in Japan and whether or not the type of treatment
affects the incidence of sarcoidosis.

In this study, we investigated the clinical features of pa-
tients with sarcoidosis associated with malignant diseases in
Japan to evaluate a possible causative association between
the two diseases.

Materials and Methods

Patient population

All patients were diagnosed with sarcoidosis according to
the American Thoracic Society (ATS)/European Respiratory
Society (ERS)/ World Association of Sarcoidosis and Other
Granulomatous Disorders (WASOG) statement on sarcoido-
sis. These criteria require histopathological evidence of non-
caseating granuloma, radiographic evidence of intrathoracic
sarcoidosis, compatible clinical features and the exclusion of
other granulomatous diseases (21).

Study design

This was a single-center, cross-sectional survey that tar-
geted sarcoidosis patients. This study was approved by the
ethics committee of Tohoku University Graduate School of
Medicine. Informed consent was waived based on the ethics
guidelines of Tohoku University Graduate School of Medi-
cine.

We conducted a medical record review of 277 consecutive
sarcoidosis patients in Tohoku University Hospital between
January 1, 1981, and May 31, 2017. We screened the clini-
cal records and pathology reports for each sarcoidosis pa-
tient with malignancy. All identified patients’ charts were re-
viewed in detail to verify the histological, radiological and
clinical features of sarcoidosis, including serum biomarkers,
such as angiotensin-converting enzyme (ACE) and soluble
interleukin-2 receptor (sIL-2R), the percentage of lympho-
cytes in bronchoalveolar lavage fluids (BALF) cell counts,
the CD4/8 ratio in BALF lymphocytes and pulmonary func-
tion tests (PFTs). The procedures of the pulmonary function
tests were in accordance with the ATS/ERS guidelines (22).

The parameters collected were the percent predicted values
of forced vital capacity (FVC), forced expiratory volume in
1 second (FEV1) and diffusing capacity of the lung for car-
bon monoxide (DLco), which was measured by the single-
breath method according to the ATS/ERS guidelines. The
FEV1/FVC ratio was also collected. Concerning the infor-
mation on malignancies, we collected data on the primary
organ of malignancy and the onset timing of malignancy
(before or after the diagnosis of sarcoidosis) as well as the
types of treatment for breast cancer.

Statistical analyses

Data concerning the age and pulmonary function were ex-
pressed as the meanzstandard error (SE), and data concern-
ing the pack-years of tobacco use, serum biomarkers (ACE,
sIL-2R) and BALF were expressed as the median and inter-
quartile range (IQR, Q1-Q3). The clinical characteristics
were compared using the Mann-Whitney U test, Student’s #-
test and Fisher’s exact test. Statistical significance was ac-
cepted as p<0.05. All statistical analyses were performed us-
ing the JMP Pro 14 software program (SAS Institute, Cary,
USA).

Results

Prevalence of sarcoidosis patients with malignancy

We evaluated the medical records of patients with sarcoi-
dosis diagnosed at Tohoku University Hospital between
January 1, 1981, and May 31, 2017. The characteristics of
the sarcoidosis patients are summarized in Table 1. Among
277 sarcoidosis patients, 175 (63.2%) were women, and the
mean age of the total sarcoidosis patients was 49.3+15.9
years old. 128 (46.2%) patients had a smoking history, but
most sarcoidosis patients had normal values on PFTs (107.5
+26.0 for FVC %predicted, 80.6+8.9 for FEVI/FVC and
98.0+£25.3 for DLco %predicted).

A total of 52 (18.8%) sarcoidosis patients had a history of
malignant disease. These patients were older and more
likely to be women and showed a higher rate of a histologi-
cally confirmed diagnosis of sarcoidosis than the remaining
225 (81.2%) patients without malignancy. No remarkable
difference was found in the smoking status, pulmonary func-
tion, serum diagnostic biomarkers (ACE, sIL-2R, BALF
findings), distribution of pulmonary stage or organ involve-
ment aside from skin lesions or the amount of oral corti-
costeroids used between sarcoidosis patients with and with-
out malignancy.

Among the 52 patients with malignancy, 62 malignant
diseases (17 cases in men and 45 in women) were identi-
fied. The digestive system was the most prevalent primary
lesion by organ (17 cases, 27.4%) (Fig. 1), but a more de-
tailed analysis by tissue revealed that the most prevalent ma-
lignancy was breast cancer (14 cases, 22.6%), followed by
stomach cancer (8 cases, 12.9%) and lung cancer (7 cases,
11.3%) (Table 2).
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Table 1. Characteristics of Subjects with Sarcoidosis and with or without Malignancy.

All patients with  Sarcoidosis with ~ Sarcoidosis without

L. . . p values
sarcoidosis malignancy malignancy
Number of subjects, n (%) 277 (100%) 52 (18.8%) 225 (81.2%) -
Female, n (%) 175 (63.2%) 40 (76.9%) 135 (60.0%) 0.03*
Age, years old 49.3+15.9 57.8+12.2 47.3+16.0 <0.01*
Smoking status Current/Ex-smokers, n (%) 128 (46.2%) 20 (38.5%) 108 (48.0%) 0.37
Pack-years 0 (0-200) 0(0-189) 15 (0-200) 0.12
Pulmonary function FVC %predicted 107.5+26.0 106.3+17.0 107.8+21.6 0.18
FEV1 Y%predicted 101.5+20.5 105.9+19.1 100.5+20.6 0.08
FEV1/FVC (%) 80.6+8.9 80.3+9.3 80.7+8.8 0.77
DLco %predicted 98.0+25.3 104.7+46.3 98.3+25.5 0.20
Serum marker ACE (IU/L) 20.5 (14.7-27.8) 21.8 (16.2-34.6) 20.1 (14.5-27.1) 0.09
sIL-2R (U/mL) 697 (453-1,170) 666 (447-1,359) 714 (456-1,134) 0.72
BALF Lymphocytes (%) 29.5 (15.0-45.0) 43.0 (16.0-57.6) 27.8 (14.8-41.8) 0.06
CD4/CD8 ratio 4.5 (2.5-8.0) 5.6 (4.3-7.9) 4.1 (2.3-8.1) 0.17
Histological diagnosis, n (%) 181 (79.7%) 47 (90.4%) 134 (59.6%) <0.01%*
Pulmonary stage, n (%) I 109 (39.4%) 23 (44.2%) 86 (38.2%) 0.42
I 152 (54.9%) 27 (51.9%) 125 (55.6%) 0.64
v 16 (5.7%) 2 (3.9%) 14 (6.2%) 0.51
Organ involvement, n(%) Eye 161 (58.1%) 28 (53.8%) 133 (59.1%) 0.23
Skin 61 (22.0%) 18 (34.6%) 43 (19.1%) 0.02*
Heart 49 (17.7%) 10 (19.2%) 38 (16.9%) 0.69
Others 77 (27.8%) 18 (34.6%) 59 (26.2%) 0.22
Oral corticosteroids use, n (%) 117 (42.2%) 19 (36.5%) 98 (43.5%) 0.44

Data are expressed as the meanzstandard error for the age and pulmonary function and as the median and interquartile range (IQR, Q1-Q3) for pack-years

of tobacco use, biomarkers from serum (ACE, sIL-2R) and BALF. The clinical characteristics were compared using the Mann-Whitney U test, Student’s t

test and Fisher’s exact test. Statistical significance was accepted as p<0.05 and marked by an asterisk. BALF: bronchoalveolar lavage fluids, FCV: forced

vital capacity, FEV1: forced expiratory volume in 1 second, DLco: diffusing capacity of the lung for carbon monoxide, ACE: angiotensin-converting en-

zyme, sIL-2R: soluble interleukin-2 receptor
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Figure 1. Number of patients with sarcoidosis and malignancy by origins. Among 52 patients with

sarcoidosis and malignancy, the malignant diseases occurred in the digestive system (17 cases, 27.4%),

breast (14 cases, 22.6%) and genitourinary system (11 cases, 17.7%). The black and white parts of

each bar represent the number of cases in men and women, respectively.
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Table 2. Frequencies of Cases by Types of Malignancy in Patients with Both Malignancy and Sar-

coidosis.
Prima-ry sites of Number of cases (Female) Types of malignancy Number of cases (%)
malignancy
Oral cavity 2(D) Tongue cancer 1 (1.6%)
Cancer of cheek mucosa 1 (1.6%)
Digestive system 17 (9) Stomach cancer 8 (12.9%)
Esophageal cancer 4 (6.5%)
Colon cancer 4 (6.5%)
Bile duct cancer 1 (1.6%)
Respiratory system 74) Lung cancer 7 (11.3%)
Skin 1(D) Skin cancer 1 (1.6%)
Breast 14 (14) Breast cancer 14 (22.6%)
Genital system 11 (9) Cervix uteri cancer 5 (8.1%)
Corpus uteri cancer 3 (4.8%)
Vaginal cancer 1 (1.6%)
Prostate cancer 1 (1.6%)
Extragonadal germ cell tumor 1 (1.6%)
Endocrine system 4(3) Thyroid cancer 3 (4.8%)
Neuroendocrine tumor 1 (1.6%)
Urinary system 3(D) Bladder cancer 2 (3.2%)
Kidney cancer 1 (1.6%)
Lymphatic system 2(2) Malignant lymphoma 2 (3.2%)
Bone marrow 1(D) Multiple myeloma 1 (1.6%)
Total 62 (45) Total 62 (100%)
Malignancy — Sarcoidosis Sarcoidosis — Malighancy
>

Male, 10 ==~

.

Breast, 6
:" Breast, 8 s
: | 4
N=28 (45.2%) QM (54.8%)

Female, 18 Female, 27

Figure 2. Frequencies of cases by types of malignancy in patients with both malignancy and sar-
coidosis. The left panel shows frequencies of cases with malignancy by primary sites in patients who
were diagnosed with malignancy before sarcoidosis, and the right panel shows those values in patients
diagnosed with sarcoidosis before malignancy. The continuous line with arrow heads outside the cir-
cle graph indicate cases in women, and the dashed line indicates cases in men. The primary sites of
malignancy are indicated in the circle graph when more than two cases were included.
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Table 3. Time Interval between the Diagnoses of Breast Cancer and Sarcoidosis.

Time interval (years)

Breast cancer—Sarcoidosis, n (%)

Sarcoidosis—Breast cancer, n (%)

<1 0 (0%) 4 (66.7%)
12 0 (0%) 0 (0%)
23 1 (12.5%) 1 (16.7%)
34 1 (12.5%) 0 (0%)
4-5 0 (0%) 0 (0%)
5< 6 (75.0%) 1 (16.7%)
Total 8 (100%) 6 (100%)
Malignancy — Sarcoidosis Sarcoidosis — Malignancy
15 1 15 -
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Figure 3. Distributions of frequencies of cases by each time interval between the diagnoses of ma-

lignancy and sarcoidosis. The left panels (A and C) show the frequencies of cases with both malig-

nancy and sarcoidosis by years between the two diagnoses in patients who were diagnosed with ma-

lignancy before sarcoidosis, and the right panels (B and D) show those values by years between the

diagnoses of sarcoidosis and malignancy in patients who were diagnosed with sarcoidosis before ma-

lignancy. The upper panels (A and B) show those values in women, and the lower panels (C and D)

show those values in men. The black and gray parts of each bar represent the number of cases with
breast cancer and malignancies other than breast cancer, respectively.

Chronological connection between malignancy and
sarcoidosis

We next assessed the chronological connection between
malignancy and sarcoidosis. As shown in Fig. 2, 28 cases
(45.2%) were diagnosed with malignant diseases preceding
sarcoidosis, and 34 cases (54.8%) were diagnosed with sar-
coidosis preceding malignancy. No patient was simultane-
ously diagnosed with both sarcoidosis and malignancy.
Breast cancer was the most prevalent malignancy in both
groups (eight cases in malignancy preceding sarcoidosis, six
cases in sarcoidosis preceding malignancy). No remarkable
features concerning the incidence of malignancy were found

among men.

Causative association between breast cancer and
sarcoidosis

We focused on the clinical features of patients with both
sarcoidosis and breast cancer. The time intervals between the
diagnosis of breast cancer and sarcoidosis are summarized in
Table 3. Among the 8 patients with breast cancer diagnosed
before sarcoidosis, as many as 6 (75%) developed sarcoido-
sis more than 5 years after the diagnosis of breast cancer. In
contrast, 4 (66.7%) out of 6 patients with sarcoidosis diag-
nosed before breast cancer developed breast cancer within 1
year after the diagnosis of sarcoidosis. The distribution of
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Table 4. Therapies for the Eight Patients Diagnosed with Breast Cancer before Sarcoidosis.

Cases b?f;?i;ﬁig?ﬁ::zsoﬁ) Therapies for breast cancer ;gfcsit (lt:;sd(l;eg::ssz)slg)f Time interval (years)

1 29 Sur +Chem 42 13

2 34 Sur +Rad +Hor 45 12

3 40 Sur  +Rad 54 14

4 42 Sur  +Rad 51

5 49 Sur +Hor  +Chem 54 5

6 50 Sur  +Rad 64 14

7 62 Sur +Hor 64 2

8 68 Sur +Rad  +Hor 71 3

Average 46.8+4.4 55.6+3.3 9.0+5.0

Data are expressed as the mean+standard error.
Sur: surgery, Rad: radiation therapy, Hor: hormone therapy, Chem: chemotherapy
Table 5. Literature.
Year of No. of No. of patients Breast Other
References  Country cy . . . . Lymphoma . .
Sarcoidosis  patients  with malignancy cancer malignancies

[11] Denmark 1962-1971 2,544 48 (1.2%) 4 (8.3%) 6 (12.5%) 38 (79.2%)
[23] Sweden 1964-1994 8,541 653 (7.6%) 87 (13.3%) 35 (5.4%) 531 (81.3%)
[24] Sweden 1964-2004 10,037 1,045 (10.4%) 125 (12.0%) 99 (9.5%) 821 (78.6%)
[18] Germany 1960-2007 425 61 (14.0%) 13 (21.3%) 18 (29.5%) 30 (49.2%)
[19] USA 1976-2013 345 36 (4.3%) 5 (13.9%) 6 (16.7%) 25 (69.4%)
This report Japan 1981-2017 277 52 (18.8%) 14 (22.6%) 2 (3.8%) 36 (69.2%)

the time intervals between the diagnosis of all malignancies
and sarcoidosis in women shows similar features in the case
of breast cancer and sarcoidosis (Fig. 3A). Concerning the
distribution of the time intervals between sarcoidosis and all
malignancies in women (Fig. 3B) or those between both dis-
eases (Fig. 3C, D) in men, no remarkable features was
found.

The treatment for breast cancer in the eight patients with
breast cancer diagnosed before sarcoidosis is summarized in
Table 4. The mean age at the diagnosis of breast cancer and
sarcoidosis was 46.8+4.4 and 55.6+3.3 years old, respec-
tively. The mean time interval between the diagnoses was
9.0+5.0 years. Notably, all eight cases underwent surgical
resection of the breast cancer. Concerning adjuvant treat-
ment after surgery for breast cancer, the number of cases
that received radiation therapy, hormone therapy or chemo-
therapy was 5, 4 and 2, respectively. Chemotherapy treat-
ments for breast cancer include epirubicin hydrochloride and
cyclophosphamide but not immune checkpoint inhibitors.

Discussion

In the present study, among 277 patients with sarcoidosis,
we found that 52 (18.8%) had a history or coexistence of
malignancy, and these patients were older and more likely to
be women than the remaining 225 (81.2%) patients without
malignancy. This incidence was higher than that described in
previous reports [1.2% by Brincker et al. (11), 4.3% by
Ungprasert et al. (19) and 14% by Blank et al. (18)]. A lit-

erature overview is provided in Table 5 (11, 18, 19, 23, 24).

These differences among patients with sarcoidosis do not
seem surprising, since the clinical features and severity of
sarcoidosis vary among ethnic groups (1). In addition, given
the unique character of the Japanese national health insur-
ance system and the long follow-up periods, both sarcoido-
sis and malignancy can be frequently evaluated by close ex-
aminations, including chest computed tomography, in every
general hospital in Japan. In this study, no patients with sar-
coidosis were incidentally diagnosed with malignancy by
fluorodeoxyglucose-positron emission tomography. Concern-
ing the smoking habits, we found no significant differences
in the smoking status between sarcoidosis patients with and
without malignancy (Table 1). Smoking habits are strongly
related to the risk of malignancy in the general population,
although smoking was reported to likely be associated with
a reduced risk of developing sarcoidosis in the ACCESS
study (8). A smoking habit seems to have conflicting effects
on these two diseases.

The distribution of the patient population of this study
does not show a remarkable deviation from that in a previ-
ous report (25). Patients with both sarcoidosis and malig-
nancy were predominantly women in our study (Table 1),
which is also consistent with other reports (15, 26). We do
not have a clear explanation, but it seems highly likely that
an increase in the number of patients with female-specific
cancers, such as breast or uterus cancer, impacts the female-
dominated incidence of both sarcoidosis and malignancy
(Table 2, Fig. 2). In line with

several previous re-
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ports (13, 26), our study showed that breast cancer is the
most prevalent malignant disease in patients with sarcoidosis
(Fig. 2). In Japan, breast cancer is the most frequent cancer
in women and the number of patients is growing, especially
among women in their 40s and 50s (27, 28). The incidence
of breast cancer by age-standardized rate (cases per 100,000
population) is 61.8 and 79.7 in the world and Japan, respec-
tively (27). In addition, the age-specific incidence in women
shows a biphasic pattern, with the first peak at 25-39 years
old and the second peak in the 50s and 60s, ages that are
to be susceptible to developing breast
cer (25, 27). Indeed, these epidemiological findings are
likely to affect the female-dominated incidence of both sar-
coidosis and malignancy. Nevertheless, we are curious about
the potential causative association between breast cancer and
the subsequent development of sarcoidosis.

Brincker and Wilbek reported an increased cancer inci-
dence in patients with respiratory sarcoidosis (11). Bonifazi
et al. conducted a systematic review and meta-analysis of
observational studies on cancer and sarcoidosis. Their analy-
sis suggested a significant association between sarcoidosis
and malignancy (10). In contrast, Ungprasert et al. reported
no difference in the prevalence or cumulative incidence of
malignancy among patients with sarcoidosis compared to
non-sarcoidosis subjects (19). Sggaard et al. reported that, in
the case of lung cancer, tonsil cancer and lymphoma, the
cancer risk in patients with sarcoidosis was particularly high
within the first three months after the diagnosis of sarcoido-
sis compared to that beyond three months, whereas breast,
skin and reproductive system cancers occurred as frequently
as expected throughout the observation period for 210
years (12). They concluded that the short-term increased risk
of cancer in patients with sarcoidosis may be due to in-
creased surveillance or an initial misinterpretation of cancer
as sarcoidosis and that the increased long-term risk of some
cancers is notable and unlikely to reflect surveillance bias
alone. In the present study, as many as 6 (75%) out of 8§ pa-
tients with breast cancer diagnosed before sarcoidosis even-
tually developed sarcoidosis more than 5 years after the di-
agnosis of breast cancer. These findings suggest that the in-
creased frequency of breast cancer before the diagnosis of
sarcoidosis was not due to surveillance bias.

Propionibacterium acnes has been reported to be a candi-
date for the etiology as an environment factor (4, 29). P. ac-
nes is an anaerobic bacterium indigenous to the skin and
mucosa surfaces and the only microorganism isolated from
sarcoid lesions by bacterial culture (29). Genomes of P. ac-
nes were also found in the lymph nodes of sarcoidosis pa-
tients (4). In addition, intravenous injection of P. acnes into
sensitized rabbits
mas (30). These findings strongly suggest that P. acnes
plays an important role in the pathophysiology of sarcoido-
sis. In the present study, we showed that breast cancer was
the most prevalent malignant disease in patients with sarcoi-
dosis (Table 3), and all patients with breast cancer diag-
nosed before sarcoidosis underwent surgery (Table 4). We

known can-

induced massive pulmonary granulo-

speculate that surgical resection of breast cancer is likely to
enable P. acnes to enter the blood vessels or lymph vessels,
resulting in the formation of granulomas in the regional
draining lymph nodes (31) or even the lung fields. In addi-
tion, it is possible that sarcoidosis represents an immune re-
action to malignancy (32) and that chemotherapy agents
may predispose patients to develop sarcoidosis (17, 33). In
our study, however, chemotherapy agents appeared unlikely
to be the cause of sarcoidosis, as only two of the eight
breast cancer patients received chemotherapies (Table 4). In
line with our results, Schweitzer et al. also reported that,
among 10 patients with a sarcoidosis onset after breast can-
cer, 6 (60%) were treated with chemotherapy, while 9 (90%)
underwent surgery (34). Further studies are necessary to
conclude the presence of a causal association between P. ac-
nes through surgical resection of breast cancer and sarcoido-
sis.

Sarcoidosis treatment with immunosuppressive agents
(glucocorticoid, methotrexate, etc.) may induce the develop-
ment of cancer (35). However, there was no remarkably
high incidence of malignancy among the patients with sar-
coidosis diagnosed before malignancy, although breast can-
cer cases were also the most prevalent (18.5%) (Table 3).
Sarcoidosis is a systemic inflammatory disease (1), and in-
flammatory conditions are known to promote or cause ma-
lignant disease. Asbestos-related mesothelioma, Helicobacter
pylori gastritis-related gastric cancer and chronic hepatitis-
related hepatocellular carcinoma are good examples of the
interaction between chronic inflammatory conditions and
malignancy (36). Tumor necrosis factor (TNF)-o, which
plays an important role in the recruitment and maintenance
of granuloma (37), is released from the alveolar macro-
phages of patients with sarcoidosis (38). TNF-o induces in-
ducible nitric oxide synthase and an inducible isoform of
cyclooxygenase that generates free radicals, thus causing
DNA damage (39). Therefore, it is possible that sarcoidosis
is associated with an increased risk for malignant disease in
the affected tissue.

The limitations of this study include the small number of
cases in a specialty medical center, its retrospective nature
and the lack of a control population without sarcoidosis that
was followed for the same amount of time. It is also diffi-
cult to determine the precise timing of the onset of both sar-
coidosis and malignancy because of the naturally latent pro-
gression of these diseases. Further prospective studies are
necessary to confirm the relationship between cancer and
sarcoidosis.

In conclusion, this study showed a higher incidence of pa-
tients with both sarcoidosis and malignancy in Japan than in
some western countries. Breast cancer is the most prevalent
malignant disease among sarcoidosis patients. The high fre-
quency of sarcoidosis after surgical resection of breast can-
cer may suggest a candidate mechanism for the causative as-
sociation between malignancy and the development of sar-
coidosis.
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