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Abstract

Introduction: Retroperitoneal fibrosis (RPF) is characterized by a highly fibrotic retroperitoneal mass and encompasses
the idiopathic form and secondary to malignancies. Because we have limited knowledge whether RPF is associated
with malignancy, we aimed to investigate the relationship between RPF and malignancy and to compare the
characteristics and prognosis of cancers among patients with RPF.

Methods: Medical records of 111 patients diagnosed as having RPF were reviewed and 38 cases of cancer, confirmed
by biopsy, were identified. Standardized incidence ratios (SIRs) were calculated for cancers and stratified according to
cancer type and RPF-cancer diagnosis interval. Cancer characteristics and outcomes were compared between RPF-
cancer diagnosis intervals.

Results: The average age at RPF diagnosis was 59.2 ± 15.0 years, and 69.4% of the patients were male. The cancer SIRs
in patients with RPF relative to age- and sex-matched individuals in the general population was 2.2 (1.6–3.1). SIRs of
renal pelvis cancer and multiple myeloma were significantly higher than in the general population. When stratified by
RPF-cancer intervals, the SIR for cancer was 9.9 within 1 year of RPF diagnosis, while no significant increase in the SIR
was found after 1 year from RPF diagnosis. Cancer stage was more advanced at the time of diagnosis in patients within
a 1-year interval for RPF than those with cancer within a >5-year interval, with a correspondingly increased mortality in
the former patients.

Conclusions: RPF was significantly associated with malignancy, particularly those diagnosed within 1 year of RPF
diagnosis. Cancer stages at diagnosis were more advanced and the mortality rate was higher in patients within a 1-
year interval between RPF and cancer diagnosis than in those with a >5-year interval between diagnoses.
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Introduction
Retroperitoneal fibrosis (RPF) is a rare condition charac-
terized by the presence of chronic inflammation and fi-
brotic retroperitoneal tissue, which often wraps around
the aorta and causes ureteral obstruction [1]. The idio-
pathic form of the disease encompasses more than two-
thirds of cases, with the remaining cases occurring sec-
ondary to malignancy, infection, radiotherapy, surgery,
or drugs [2, 3]. The idiopathic form may be associated

with primary large vessel inflammatory diseases because
it involves the thoracic aorta and epiaortic arteries as
well as the abdominal aorta in one-third of patients [4].
About half of the idiopathic form was found to be in the
spectrum of immunoglobulin G4-related diseases (IgG4-
RDs) showing more than 40% of IgG4/IgG ratio in histo-
pathologic features [5, 6]. However, the identification of
secondary causes such as malignancy is often difficult in
clinical practice [7].
IgG4-RD, which presents as mass lesions in the pan-

creas, retroperitoneum, kidney, salivary/lacrimal gland,
and lung, among others, is a systemic inflammatory and
sclerosing condition with IgG4+ plasma cell infiltration
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in affected tissues [8]. Depending on the investigated
IgG4-RD cohorts, IgG4-RD is accompanied by RPF in-
volvement in 9.6% of cases excluding periaortitis [9] to
56% of cases including periaortitis [10]. IgG4-RD pa-
tients with RPF generally exhibit diffuse IgG4-positive
plasma cell infiltration and an IgG4/IgG+ plasma cell ra-
tio of >40% in their retroperitoneal tissue [5, 10, 11], but
IgG4-RD and non-IgG4 RD in RPF are not easy to dis-
tinguish by clinical appearance.
IgG4-RD was reportedly significantly associated with

malignancy, particularly during the first year after IgG4-
RD diagnosis [12–14]. However, after complete treat-
ment of the accompanying cancer, the rate of relapse of
IgG4-RDs such as autoimmune pancreatitis is low [14].
Furthermore, there are no reported cases of IgG4-RDs
invading the organ previously affected by cancer [12,
14]. These results may indicate that some IgG4-RD can
be classified as paraneoplastic syndromes.
Studies evaluating the association of RPF with malig-

nancy are rare, but one large size (n = 204) study re-
ported that 31 (15.2%) patients with RPF had
malignancies [7]. However, long-term follow-up data
were not collected, and a survival analysis was not per-
formed in this study. Idiopathic RPF is often difficult to
differentiate from atypical malignancy in patients, and
biopsy is necessary in these patients [15, 16]. Because
patients who have malignancy concurrently with second-
ary RPF present with a poorer prognosis, it is important
to distinguish idiopathic RPF from retroperitoneal malig-
nancy in some cases [3, 7].
We have, however, limited knowledge of the risk and

characteristics of cancers that occur in patients with RPF.
We thus aimed to investigate the relationship between
RPF and malignancy and to compare the characteristics
and prognosis of cancers among patients with RPF.

Methods
Enrolled patients and data collection
This study was approved by the Institutional Review
Boards (IRB) of Kyungpook National University Hospital
(KNUH) and Seoul National University Hospital
(SNUH) in Korea (2017-02-007, H-1808-128-967, re-
spectively). The requirement for informed consent was
waived by the IRB since the study involved a minimum
risk to the enrolled patients and no identifiable informa-
tion was used. All methods were performed in accord-
ance with the relevant guidelines and regulations. A
total of 111 RPF patients who received medical care at
KNUH and SNUH from January 1999 to December
2016 were enrolled in this retrospective study. RPF was
diagnosed according to the clinical codes. Exclusion cri-
teria included patients who were younger than 18 years
old and who did not fulfill classification by evaluation of
computed tomography (CT) or positron emission

tomography (PET)/CT. Thirty-eight cases of cancer,
confirmed by biopsy, were identified in 34 patients with
RPF by evaluating all patients. Data related to demo-
graphic characteristics and malignancy ascertainment
were obtained from the medical records (supplementary
figure 1).

Time interval between RPF and cancer diagnosis
Assuming that RPF developing concurrently with cancer
is associated with the cancer, we intended to estimate
and compare the risk of cancers and survival duration by
adopting RPF-cancer diagnosis intervals. The interval
was calculated using the date of RPF diagnosis as a refer-
ence. Given that a 1-year interval is used for strict defin-
ition in cancer-associated autoimmune diseases [17], we
divided the patients into groups according to the inter-
vals between RPF and cancer diagnoses. We compared a
1-year interval group, where cancer was diagnosed
within 1 year of RPF diagnosis, with other groups.

Cancer stages
Where applicable, cancer stages were based on the
tumor-node-metastasis staging system suggested by the
American Joint Committee on Cancer and the Union for
International Cancer Control [18]. Stages of certain can-
cers (e.g., lymphoma, myelodysplastic syndrome, mul-
tiple myeloma, liposarcoma, and gastrointestinal stromal
cancer) were assessed using staging systems specific to
the respective cancer types [19, 20]. Seven of the 38
cases of cancer were not included in only analyses per-
taining to cancer stages due to lack of information re-
garding cancer stages in the medical records.

Patient survival
The follow-up period for each patient was defined as the
period from cancer diagnosis to the latest clinic visit (or to
the date of death). For those patients lost to follow-up, the
Korean national mortality database (http://kostat.go.kr/
portal/korea/index.action) was used to survey the date of
death or to determine whether the patient was still alive as
of December 31, 2016, which was considered to be the
final follow-up date. Survival curves were created using
the Kaplan-Meier method.

Statistical analysis
Continuous variables are expressed as the mean ± SD
and categorical variables as numbers and percentages.
Comparisons were performed using either the Student’s
t-test or Fisher’s exact test. The cancer risk was deter-
mined by standardized incidence ratios (SIRs) and the
exact Poisson method was used to calculate the 95%
confidence interval (CI). The SIR was estimated by divid-
ing the observed number of cancer occurrences by the
expected number of occurrences in our RPF patient
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cohort. The expected number of cancer cases for the
corresponding person-year of 111 RPF patients was esti-
mated using the calendar-year-specific cancer incidence
of the age- and sex-matched Korean population (Korean
National Cancer Registry data, http://kosis.kr). SIRs were
calculated for all cancers and stratified according to the
cancer type, age at cancer diagnosis, and time interval
between RPF diagnosis and cancer diagnosis. Because
the Korean National Cancer Registry data for cancer in-
cidence were available for 1999–2016, the 1999 cancer
incidence was used to extrapolate the expected incidence
of skin cancer in 1996. To calculate SIR, the study period
was applied from 20 years prior to the first diagnosis of
RPF to the date of the last follow-up because the earliest
cancer diagnosis time among all cancer cases in this
study was −20 years from the date of the first diagnosis
of RPF. Age- and sex-adjusted HRs for mortality were
calculated using the Cox proportional hazards model for
the survival curves. p values of ≤ 0.05 were considered
statistically significant. All statistical analyses were per-
formed using IBM SPSS version 19, and graphics were
generated with GraphPad Prism.

Results
Baseline characteristics of patients with RPF
The flow chart for this study is shown in supplementary
figure 1. Among the 111 patients with RPF, the mean
age at RPF diagnosis was 59.2 ± 15.0 years and the mean
follow-up duration after RPF diagnosis was 9.3 ± 3.6
years. The sites of RPF in the retroperitoneal space in-
cluded the aorta, which manifested as periaortitis (94
cases, 84.7%), and the retroperitoneal soft tissue, which
manifested as a tumor-like mass (17 cases, 15.3%).
Among the 94 cases of periaortitis, four exhibited multi-
focal periaortitis, including two cases at the descending
aorta and one case each at the ascending aorta and ce-
liac axis. RPF was also observed in systemic organs in-
cluding the lymph nodes (18 cases, 16.2%), kidneys (13
cases, 11.7%), pancreas (9 cases, 8.1%), salivary glands (5
cases, 4.5%), and lacrimal glands (1 case, 0.9%). Sixty-six
cases (59.5%) presented with hydronephrosis, and the
mean serum creatinine levels were 2.0 ± 3.1 mg/dL. The
mean IgG (n = 46) and IgG4 (n = 51) concentrations
were 1522.3 ± 564.2 and 302.7 ± 625.4 mg/dL, respect-
ively (Table 1).
Thirty-eight cases of cancer were identified in 34 pa-

tients with RPF. RPF patients with malignancies were
significantly older than those without malignancies at
the time of RPF diagnosis (64.2 ± 12.1 versus 57.0 ±
15.0; p = 0.018) (Supplementary Table 1).

Cancer risk in patients with RPF
The cancer SIR in patients with RPF relative to age- and
sex-matched individuals in the general population was

2.2 (95% CI 1.6–3.1; 1.9 [95% CI 1.2–2.8] in men; 3.5
[95% CI 1.8–6.2] in women). Cancer SIRs were the high-
est in those aged 40–49 years (4.4 [95% CI 1.2–11.2]),
followed by those aged 50–59 years (2.8 [95% CI 1.2–
5.6]). The mean interval between RPF and cancer diag-
nosis was 31.4 ± 54.1 months. When stratified by inter-
vals between RPF and cancer diagnoses, cancer SIR
within 1 year of RPF diagnosis was significantly higher
than that of the general population (9.9 [95% CI 6.2–
15.0]); however, there was no significant elevation of
SIRs in other interval groups beyond 1 year after RPF
diagnosis (Table 2). In order to display the distribution
of intervals between RPF and cancer diagnoses, we
expressed the intervals using a dot graph, which shows
the pyramidal distribution with the peak at the time of
RPF diagnosis (Fig. 1). The highest SIRs were for renal
pelvis cancer (74.4 [95% CI 15.4–217.5]), followed by
multiple myeloma (19.0 [95% CI 2.3–68.5]) (Table 2).

Characteristics of cancers in patients with RPF
When cancers were analyzed according to organ in-
volvement, the stomach (n = 6) was the most common
site, followed by the lung (n = 4), colon (n = 3), and
renal pelvis (n = 3). The number of patients who were

Table 1 Baseline characteristics of 111 patients with RPF

Baseline characteristics n = 111

Age at diagnosis of RPF (years) 59.2 ± 15.0

Mean follow-up duration (years) after RPF diagnosis 9.3 ± 3.6

Male, n (%) 77 (69.4)

Retroperitoneal distributions, n (%)

Periaortitisa 94 (84.7)

Retroperitoneal tumor-like mass 17 (15.3)

Systemic organ involvement, n (%)

Lymph nodes 18 (16.2)

Kidney 13 (11.7)

Pancreas 9 (8.1)

Salivary gland 5 (4.5)

Lacrimal gland 1 (0.9)

Hydronephrosis, n (%) 66 (59.5)

Creatinine (mg/dL) (n = 100) 2.0 ± 3.1

ESR (mm/h) (n = 81) 47.6 ± 31.6

CRP (mg/dL) (n = 90) 2.8 ± 4.4

IgG (mg/dL) (n = 46) 1522.3 ± 564.2

IgG4 (mg/dL) (n = 51) 302.7 ± 625.4

IgG4 > 135 (mg/dL), n (%) 23/51 (45.1)

Data are expressed as means ± SD for continuous variables or numbers and
percentages for categorical variables. RPF retroperitoneal fibrosis; CT computed
tomography; PET positron emission tomography; ESR erythrocyte
sedimentation rate; CRP C-reactive protein; IgG immunoglobulin G. aFour cases
(two cases of descending aorta and one case each of ascending aorta, celiac
axis aortitis) were found at the extra-aortic bifurcation

Lee et al. Arthritis Research & Therapy          (2021) 23:249 Page 3 of 9

http://kosis.kr


Table 2 Standardized incidence ratios (SIRs) of cancers in patients with RPF

Observed Expected SIR [95% CI] Corrected p

Overall SIR 38 17.1 2.2 [1.6, 3.1] <0.001

Male 26 13.7 1.9 [1.2, 2.8] <0.001

Female 12 3.4 3.5 [1.8, 6.2] <0.001

Age-specific SIR

30–39 1 0.23 4.3 [0.1, 23.7] 0.419

40–49 4 0.91 4.4 [1.2, 11.2] 0.028

50–59 8 2.83 2.8 [1.2, 5.6] 0.017

60–69 11 6.58 1.7 [0.8, 3.0] 0.143

70–79 12 5.48 2.2 [1.1, 3.8] 0.022

≥ 80 2 1.00 2.0 [0.2, 7.2] 0.529

Interval-specific SIR, yearsa

−20 ~ −5 5 6.47 0.77 [0.3, 1.8] 0.747

−5 ~ −3 0 1.95 0 –

−3 ~ −1 4 2.26 1.8 [0.5, 4.6] 0.365

−1 ~ +1 22 2.22 9.9 [6.2, 15.0] <0.001

+1 ~ +3 2 1.33 1.5 [0.2, 5.4] 0.771

+3 ~ +5 3 0.83 3.6 [0.8, 10.6] 0.102

+5 ~ 2 2.02 1.0 [0.1, 3.6] 1.000

Cancer type-specific SIR

Lung 4 2.7 1.5 [0.4, 3.9] 0.555

Stomach 6 3.3 1.8 [0.7, 4.0] 0.228

GIST 1 0.06 16.4 [0.4, 91.2] 0.119

Colon 3 1.26 2.4 [0.5, 7.0] 0.268

Rectum 1 1.05 1.0 [0.0, 5.3] 1.000

Pancreas 2 0.49 4.1 [1.0, 14.8] 0.174

Kidney 2 0.31 6.4 [0.8, 23.2] 0.079

Renal pelvis 3 0.04 74.4 [15.4, 217.5] <0.001

GB and biliary tract 1 0.53 1.9 [0.1, 10.6] 0.818

Bladder 1 0.46 2.2 [0.1, 12.1] 0.739

Prostate 1 1.04 1.0 [0.0, 5.4] 1.000

MM 2 0.11 19.0 [2.3, 68.5] 0.010

NHL 1 0.29 3.5 [0.1, 19.4] 0.500

Connective and soft tissue 1 0.06 15.5 [0.4, 86.2] 0.125

MDS 1 0.06 16.8 [0.4, 93.5] 0.116

Thyroid 2 0.74 2.7 [0.3, 9.8] 0.339

Breast 1 0.41 2.4 [0.1, 13.4] 0.679

Cervix uteri 1 0.18 5.5 [0.1, 30.9] 0.330

Larynx 1 0.19 5.3 [0.1, 29.7] 0.342

Skinb 1 0.25 3.9 [0.1, 21.9] 0.449

Unknown primary 2 0.20 9.8 [1.2, 35.4] 0.037

Data are expressed as SIR (95% CI). RPF retroperitoneal fibrosis; GIST gastrointestinal stromal tumor; GB gall bladder; MM multiple myeloma; NHL non-Hodgkin
lymphoma; MDS myelodysplastic syndrome. aThe interval was calculated using the data of RPF diagnosis as a reference. bGiven that the Korean National Cancer
Registry data were available between 1999 and 2016, the 1999 cancer incidence was used to extrapolate the expected cancer occurrence for a skin cancer that
was diagnosed in 1996
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diagnosed with cancer within 1 year of RPF diagnosis
was 22/38 (57.9%). Cancers involving retroperitoneal or-
gans including the renal pelvis, pancreas, and kidney
parenchyma were exclusively diagnosed in the 1-year
interval group. The predominant cellular origin was the
epithelial cells, which included adenocarcinoma (n = 18)
and transitional cell carcinoma (n = 4). Cancers that
simultaneously developed with RPF onset had a more
advanced staging, and RPF newly developed in two pa-
tients while the cancer worsened and spread (case num-
bers 14 and 18) (Table 3).

Staging at cancer diagnosis when stratified by RPF-cancer
diagnosis interval
Seven patients with cancer were excluded from the sta-
ging analysis due to lack of information regarding sta-
ging in the medical records. Of the 31 malignancies with
staging information, the frequencies of stages I, II, III,
and IV were 10 (32.2%), six (19.4%), six (19.4%), and
nine (29.0%), respectively. The proportion of patients
with advanced cancer stages (stages III and IV) was sig-
nificantly higher among patients who received diagnoses
of RPF and cancer within a 1-year interval than among
those with a >5-year interval (66.7 versus 14.3%, p =
0.030) (Fig. 2). The stages of cancers in specific organs
were demonstrated according to the RPF-cancer diagno-
sis intervals, which revealed that the proportion of pa-
tients with advanced stages was higher in the 1-year
interval group than in the other groups (Supplementary
Figure 2).

Prognosis of patients with cancers when stratified by
RPF-cancer diagnosis interval
Given that the autoimmune disease that manifests as
paraneoplastic syndrome is associated with a higher

burden of tumors that resulted in poor prognosis [13,
14, 17], we analyzed the survival curve according to the
RPF-cancer diagnosis interval. While 34 RPF patients
with cancer died as a result of cancer progression (n =
18), infection (n = 2), or acute myocardial infarction (n
= 1), 77 RPF patients without cancer died as a result of
infection (n = 2) or acute myocardial infarction (n = 1)
(Fig. 3A). Using Kaplan-Meier analysis, the mean sur-
vival time was 44.2 (95% CI 22.1–66.3) months in pa-
tients within a 1-year interval and 180.5 (95% CI 124.2–
236.8) months in patients with a >5-year interval. The
age- and sex-adjusted HR of mortality was significantly
higher in patients within a 1-year interval than in those
with a >5-year interval (3.9 [95% CI 1.1–13.9], p =
0.038) (Fig. 3B).

Discussion
Although a subset of RPF cases manifest as paraneoplas-
tic syndrome, information regarding the relationship be-
tween RPF and cancer is unclear. The present study
analyzed the incidence, pathologic type, stage, and prog-
nosis of tumors in RPF patients with cancer. Our study
yielded two main findings: First, RPF was significantly
associated with the occurrence of cancer, particularly
within 1 year of RPF diagnosis. Second, the stages of
cancer were more advanced at the time of cancer diag-
nosis in patients within a 1-year interval between RPF
and cancer diagnosis than in those with a >5-year inter-
val, which resulted in higher mortality in the former
group. Our results indicate that a proportion of RPF
cases were indeed cases of paraneoplastic syndromes;
these cases predominantly occurred in patients with ad-
vanced malignancy.
Autoimmune diseases manifesting as paraneoplastic

syndromes reportedly develop after cancer progression

Fig. 1 Time from RPF diagnosis to cancer diagnosis. Dot represents each case. RPF, retroperitoneal fibrosis
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and improve with treatment of the concurrent cancer [14,
17]. In cases of cicatricial pemphigus, inflammatory myo-
sitis, and autoimmune pancreatitis, the relative risk for

cancer was found to be significantly higher in the first year
of disease, and prognosis was poor in patients with cancer
who were simultaneously diagnosed with these diseases

Table 3 Characteristics of the retroperitoneal fibrosis patients with malignancies (n = 38)

Case Sex Age at RPF diagnosis Age at malignancy diagnosis Malignancy site Malignancy type Stage (TNM)

1 M 68 68 Lung Adenocarcinoma I

2 M 76 76 Lung NSCLC IV

3 M 52 52 Stomach Adenocarcinoma IV

4 M 67 67 Stomach Adenocarcinoma IV

5 F 82 82 Stomach Adenocarcinoma –

6 M 68 67 Small intestine GIST IV

7 M 49 49 Colon Adenocarcinoma IIA

8 M 52 51 Colon Adenocarcinoma IIIB,

9 M 54 54 Pancreas Adenocarcinoma –

10 M 78 78 Pancreas Adenocarcinoma –

11 M 47 46 Kidney Clear cell II

12 M 64 64 Kidney Clear cell I

13 M 51 51 Renal pelvis TCC IV

14* F 79 79 Renal pelvis TCC III

15 F 77 78 Renal pelvis TCC IV

16 F 75 75 GB Adenocarcinoma –

17 M 67 67 Bladder TCC I

18† F 67 67 Bone Adenocarcinoma IV

19 M 74 74 Prostate Adenocarcinoma II

20 M 73 73 Peritoneum MM III

21 F 64 64 Peritoneum NHL III

22 F 75 75 Lymph node Squamous IV

23 F 50 49 Thyroid PTC I

24‡ M 67 69 Lung Adenocarcinoma I

25 M 53 51 Stomach Signet ring I

26 M 68 67 Colon Adenocarcinoma IIIB

27§ M 78 80 Rectum Adenocarcinoma –

28 M 40 43 Peritoneum Liposarcoma IIIB

29 F 42 39 Cervix uteri Adeno II

30 M 49 52 BM MDS –

31‡ M 67 71 BM MM –

32† F 67 62 Breast Adenocarcinoma II

33 F 66 72 Thyroid PTC II

34¶ M 71 63 Larynx Squamous IV

35¶ M 71 60 Lung Squamous I

36 M 65 82 Stomach Adenocarcinoma I

37§ M 78 71 Stomach Adenocarcinoma I

38 F 64 45 Skin Basal cell I

RPF retroperitoneal fibrosis; NSCLC non-small cell lung cancer; GIST gastrointestinal stromal tumor; TCC transitional cell carcinoma; GB gall bladder; BM bone
marrow; NHL non-Hodgkin lymphoma; PTC papillary thyroid cancer; MDS myelodysplastic syndrome; MM multiple myeloma. *,†RPF newly developed while the
cancer worsened and spread. †,‡,§,¶Those cases were the same patient. RPF and cancer were diagnosed within a 1-year interval in 22 cases (case numbers 1–22)
and a greater than 5-year interval in 7 cases (case numbers 32–38)
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[14, 17, 21], which was consistent with our data. This may
be explained by the highly mutational burden of tumors
in advanced stages, which could be related to the gener-
ation of neoantigens that increase cross-reactivity with
autoantigens such as those on the epidermal cell surface,
regenerating muscle, and pancreas [17, 22, 23]. According
to a large-scale genetic analysis, idiopathic RPF is associ-
ated with HLA-DRB1*03 and neoantigens generated by
cancer may cross-reactive with autoantigen in RPF pa-
tients having HLA-DRB1*03 [24].

The most striking cancer risk was found for renal pel-
vis cancers (SIR 74.4) at advanced stages (III or IV) that
occurred in the retroperitoneal region and were diag-
nosed within 1 year of RPF diagnosis. Because cancers
involving the retroperitoneal organs such as the renal
pelvis and renal parenchyma and pancreas occurred ex-
clusively in the 1-year interval group in our study, the
local effect of these cancers may play a crucial role in
RPF development. Paraneoplastic autoimmunity such as
cicatricial pemphigus and dermatomyositis has been as-
sociated with specific tumor pathology, such as adeno-
carcinoma [25, 26], which was the most frequent
histological subtype in our study. It was reported that
the specific IgG for phosphodiesterase 10A is a bio-
marker of patients with paraneoplastic neurologic auto-
immune syndrome, and of these patients, 5/6 cancers
were adenocarcinomas [27]. The immunologic trigger
for the expression of neoantigens by the tumors has not
been fully elucidated, and further studies on pathological
linking are needed to investigate the association between
autoantigen production and cancer development in RPF.
As indicated in our results, while the majority of pa-

tients died as a result of cancer progression (18/21) in
the 34 RPF patients with cancer group, only three pa-
tients died as a result of infection (n = 2) or acute myo-
cardial infarction (n = 1) in the 77 RPF patients without
cancer group. Furthermore, cancers diagnosed within 1
year of RPF diagnosis typically presented at higher stages
and were associated with higher mortality than those di-
agnosed at >5 years after RPF diagnosis. These findings
are in line with those of previous studies reporting that
RPF secondary to malignant disease is associated with a
poor prognosis [28–30]. Advanced stages with tumor
burden or tumor transformation are an important factor
in triggering paraneoplastic autoimmune diseases such

Fig. 2 Cancer stage at cancer diagnosis when stratified by RPF-
cancer diagnosis intervals. When stratified by RPF-cancer diagnosis
intervals, cancers revealed more advanced stages in patients whose
RPF and cancer were diagnosed within a 1-year interval compared
to those with a greater than 5-year interval. The numbers in brackets
denote cancer cases. The comparison was performed using Fisher’s
exact test. RPF, retroperitoneal fibrosis

Fig. 3 Survival analysis in patients with and without cancers when stratified by RPF-cancer diagnosis intervals. Survival time in all patients with
and without cancer (A). When stratified by RPF-cancer diagnosis intervals, survival time in patients whose RPF and cancer were diagnosed within
a 1-year interval was significantly shorter than in those with a greater than 5-year interval by Kaplan-Meier analysis (p = 0.038) (B). Survival analysis
was applied for 36 cases of cancers
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as myositis [17]. Along these lines, cancers with high
burden might develop increased immunogenicity based
on the exposure of tumor neoantigens to the immune
system. These findings suggest that early detection of
cancer in RPF patients is important and thorough exam-
inations are required within 1 year of RPF diagnosis.
Therefore, cancer screening in Korean patients with

RPF should be performed regularly at least 1 year after
the diagnosis of RPF. A thorough screening for cancer
development using advanced modalities such as PET/CT
may be warranted based on our observational study. Re-
cently, it has been reported that PET/CT could be ap-
plied to reduce the difficulty of differential diagnosis in
retroperitoneal metastasis or malignancy mimicking RPF
[15, 16]. However, cancers detected in the temporal
vicinity of RPF diagnosis are typically advanced, with a
vastly reduced opportunity for effective treatment.
Nevertheless, a proportion of patients in whom cancer-
specific biomarkers are detected may benefit from early
diagnosis and treatment.

Conclusion
In conclusion, RPF was significantly associated with the
development of cancer, particularly those diagnosed
within 1 year of RPF diagnosis. Cancer staging was more
advanced at diagnosis and mortality was higher in pa-
tients diagnosed with cancer within a 1-year interval
than in those diagnosed with cancer within a >5-year
interval from RPF diagnosis.

Abbreviations
RPF: Retroperitoneal fibrosis; IgG4-RDs: Immunoglobulin G4-related diseases;
CT: Computed tomography; PET: Positron emission tomography;
SIRs: Standardized incidence ratios; CI: Confidence interval

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13075-021-02627-3.

Additional file 1: Supplementary Figure 1. Flow chart of inclusion.
Supplementary Figure 2. Individual cancer type and stages when
stratified by RPF-cancer diagnosis intervals. Supplementary Table 1.
Comparison of baseline characteristics between RPF patients with malig-
nancies and those without.

Acknowledgements
This study was aided by the statistical expert team of Medical Research
Collaborating Center, Seoul National University College of Medicine, Seoul,
Korea.

Authors’ contributions
All authors were involved in drafting the article or revising it critically for
important intellectual content, and all authors approved the final version to
be submitted for publication. Dr. S.J.L had full access to all of the data in the
study and takes responsibility for the integrity of the data and the accuracy
of the data analysis. Study conception and design: S.J.L, Y.W.S, and Y.M.K.
Acquisition of data: S.J.L, J.S.E, M.J.K, Y.W.S, and Y.M.K. Analysis and
interpretation of data: S.J.L, Y.W.S, and Y.M.K.

Funding
This work was supported by Biomedical Research Institute grant, Kyungpook
National University Hospital (2017), and by the research fund of
Rheumatology Research Foundation (RRF-2016-05). This work was partly
supported by a grant of the Korea Health Technology R&D Project through
the Korea Health Industry Development Institute (KHIDI), funded by the
Ministry of Health & Welfare, Republic of Korea (grant number HI14C1277).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Division of Rheumatology, School of Medicine, Kyungpook National
University, 130 Dongdeok-ro, Jung-gu, Daegu 41944, Republic of Korea.
2Department of Molecular Medicine and Biopharmaceutical Sciences,
Graduate School of Convergence Science and Technology, and College of
Medicine, Medical Research Institute, Seoul National University, Seoul,
Republic of Korea. 3Division of Rheumatology, College of Medicine, Seoul
National University, Seoul, Republic of Korea.

Received: 21 April 2021 Accepted: 12 September 2021

References
1. Vaglio A, Salvarani C, Buzio C. Retroperitoneal fibrosis. Lancet. 2006;

367(9506):241–51. https://doi.org/10.1016/S0140-6736(06)68035-5.
2. Vaglio A, Maritati F. Idiopathic retroperitoneal fibrosis. J Am Soc Nephrol.

2016;27(7):1880–9. https://doi.org/10.1681/ASN.2015101110.
3. Thomas MH, Chisholm GD. Retroperitoneal fibrosis associated with

malignant disease. Br J Cancer. 1973;28(5):453–8. https://doi.org/10.1038/
bjc.1973.171.

4. Palmisano A, Urban ML, Corradi D, Cobelli R, Alberici F, Maritati F, et al.
Chronic periaortitis with thoracic aorta and epiaortic artery involvement: a
systemic large vessel vasculitis? Rheumatology (Oxford). 2015;54(11):2004–9.
https://doi.org/10.1093/rheumatology/kev225.

5. Khosroshahi A, Carruthers MN, Stone JH, Shinagare S, Sainani N, Hasserjian
RP, et al. Rethinking Ormond’s disease: “idiopathic” retroperitoneal fibrosis in
the era of IgG4-related disease. Medicine (Baltimore). 2013;92:82–91.

6. Vaglio A, Greco P, Corradi D, Palmisano A, Martorana D, Ronda N, et al.
Autoimmune aspects of chronic periaortitis. Autoimmun Rev. 2006;5(7):458–
64. https://doi.org/10.1016/j.autrev.2006.03.011.

7. Brandt AS, Kamper L, Kukuk S, Haage P, Roth S. Associated findings and
complications of retroperitoneal fibrosis in 204 patients: results of a
urological registry. J Urol. 2011;185(2):526–31. https://doi.org/10.1016/j.juro.2
010.09.105.

8. Kamisawa T, Zen Y, Pillai S, Stone JH. IgG4-related disease. Lancet. 2015;
385(9976):1460–71. https://doi.org/10.1016/S0140-6736(14)60720-0.

9. Sekiguchi H, Horie R, Kanai M, Suzuki R, Yi ES, Ryu JH. IgG4-related disease:
retrospective analysis of one hundred sixty-six patients. Arthritis Rheumatol.
2016;68(9):2290–9. https://doi.org/10.1002/art.39686.

10. Lin W, Lu S, Chen H, Wu Q, Fei Y, Li M, et al. Clinical characteristics of
immunoglobulin G4-related disease: a prospective study of 118 Chinese
patients. Rheumatology (Oxford). 2015;54:1982–90.

11. Zen Y, Onodera M, Inoue D, Kitao A, Matsui O, Nohara T, et al.
Retroperitoneal fibrosis: a clinicopathologic study with respect to
immunoglobulin G4. Am J Surg Pathol. 2009;33(12):1833–9. https://doi.org/1
0.1097/PAS.0b013e3181b72882.

12. Wallace ZS, Wallace CJ, Lu N, Choi HK, Stone JH. Association of IgG4-related
disease with history of malignancy. Arthritis Rheumatol. 2016;68(9):2283–9.
https://doi.org/10.1002/art.39773.

13. Asano J, Watanabe T, Oguchi T, Kanai K, Maruyama M, Ito T, et al.
Association between immunoglobulin G4-related disease and malignancy

Lee et al. Arthritis Research & Therapy          (2021) 23:249 Page 8 of 9

https://doi.org/10.1186/s13075-021-02627-3
https://doi.org/10.1186/s13075-021-02627-3
https://doi.org/10.1016/S0140-6736(06)68035-5
https://doi.org/10.1681/ASN.2015101110
https://doi.org/10.1038/bjc.1973.171
https://doi.org/10.1038/bjc.1973.171
https://doi.org/10.1093/rheumatology/kev225
https://doi.org/10.1016/j.autrev.2006.03.011
https://doi.org/10.1016/j.juro.2010.09.105
https://doi.org/10.1016/j.juro.2010.09.105
https://doi.org/10.1016/S0140-6736(14)60720-0
https://doi.org/10.1002/art.39686
https://doi.org/10.1097/PAS.0b013e3181b72882
https://doi.org/10.1097/PAS.0b013e3181b72882
https://doi.org/10.1002/art.39773


within 12 years after diagnosis: an analysis after longterm followup. J
Rheumatol. 2015;42(11):2135–42. https://doi.org/10.3899/jrheum.150436.

14. Shiokawa M, Kodama Y, Yoshimura K, Kawanami C, Mimura J, Yamashita Y,
et al. Risk of cancer in patients with autoimmune pancreatitis. Am J
Gastroenterol. 2013;108(4):610–7. https://doi.org/10.1038/ajg.2012.465.

15. Wang Y, Guan Z, Gao D, Luo G, Li K, Zhao Y, et al. The value of (18)F-FDG
PET/CT in the distinction between retroperitoneal fibrosis and its malignant
mimics. Semin Arthritis Rheum. 2018;47(4):593–600. https://doi.org/10.1016/j.
semarthrit.2017.07.011.

16. Fernando A, Pattison J, Horsfield C, D'Cruz D, Cook G, O'Brien T. [(18)F]-
fluorodeoxyglucose positron emission tomography in the diagnosis,
treatment stratification, and monitoring of patients with retroperitoneal
fibrosis: a prospective clinical study. Eur Urol. 2017;71(6):926–33. https://doi.
org/10.1016/j.eururo.2016.10.046.

17. Kang EH, Lee SJ, Ascherman DP, Lee YJ, Lee EY, Lee EB, et al. Temporal
relationship between cancer and myositis identifies two distinctive
subgroups of cancers: impact on cancer risk and survival in patients with
myositis. Rheumatology (Oxford). 2016;55(9):1631–41. https://doi.org/10.1
093/rheumatology/kew215.

18. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland RK,
et al. The eighth edition AJCC cancer staging manual: continuing to build a
bridge from a population-based to a more “personalized” approach to
cancer staging. CA Cancer J Clin. 2017;67(2):93–9. https://doi.org/10.3322/
caac.21388.

19. Armitage JO. Staging non-Hodgkin lymphoma. CA Cancer J Clin. 2005;55(6):
368–76. https://doi.org/10.3322/canjclin.55.6.368.

20. Durie BG, Salmon SE. A clinical staging system for multiple myeloma.
Correlation of measured myeloma cell mass with presenting clinical
features, response to treatment, and survival. Cancer. 1975;36(3):842–54.
https://doi.org/10.1002/1097-0142(197509)36:3<842::AID-CNCR2820360303
>3.0.CO;2-U.

21. Egan CA, Lazarova Z, Darling TN, Yee C, Yancey KB. Anti-epiligrin cicatricial
pemphigoid: clinical findings, immunopathogenesis, and significant
associations. Medicine (Baltimore). 2003;82(3):177–86. https://doi.org/10.1
097/01.md.0000076003.64510.00.

22. Yarchoan M, Johnson BA 3rd, Lutz ER, Laheru DA, Jaffee EM. Targeting
neoantigens to augment antitumour immunity. Nat Rev Cancer. 2017;17(4):
209–22. https://doi.org/10.1038/nrc.2016.154.

23. Lu YC, Robbins PF. Cancer immunotherapy targeting neoantigens. Semin
Immunol. 2016;28(1):22–7. https://doi.org/10.1016/j.smim.2015.11.002.

24. Martorana D, Márquez A, Carmona FD, Bonatti F, Adorni A, Urban ML, et al.
A large-scale genetic analysis reveals an autoimmune origin of idiopathic
retroperitoneal fibrosis. J Allergy Clin Immunol. 2018;142(5):1662–5. https://
doi.org/10.1016/j.jaci.2018.06.045.

25. Egan CA, Lazarova Z, Darling TN, Yee C, Coté T, Yancey KB. Anti-epiligrin
cicatricial pemphigoid and relative risk for cancer. Lancet. 2001;357(9271):
1850–1. https://doi.org/10.1016/S0140-6736(00)04971-0.

26. András C, Ponyi A, Constantin T, Csiki Z, Szekanecz E, Szodoray P, et al.
Dermatomyositis and polymyositis associated with malignancy: a 21-year
retrospective study. J Rheumatol. 2008;35(3):438–44.

27. Zekeridou A, Kryzer T, Guo Y, Hassan A, Lennon V, Lucchinetti CF, et al.
Phosphodiesterase 10A IgG: a novel biomarker of paraneoplastic neurologic
autoimmunity. Neurology. 2019;93(8):e815–e22. https://doi.org/10.1212/
WNL.0000000000007971.

28. Peixoto RD, Al-Barrak J, Lim H, Renouf D. Gastroesophageal cancer and
retroperitoneal fibrosis: two case reports and review of the literature. World
J Gastrointest Oncol. 2013;5(3):68–70. https://doi.org/10.4251/wjgo.v5.i3.68.

29. Nishiyama A, Yoshioka H, Ikeo S, Morita M, Sone N, Ikeda S, et al.
Retroperitoneal metastasis from lung adenocarcinoma mimics
retroperitoneal fibrosis. J Thorac Oncol. 2016;11(2):266–7. https://doi.org/10.1
016/j.jtho.2015.10.023.

30. Chen T, Tian L, Fan D, Wu F, Lu J. Retroperitoneal fibrosis secondary to non-
urology carcinomas: a clinical and outcome analysis of 97 cases. Clin Transl
Oncol. 2019;21(3):373–9. https://doi.org/10.1007/s12094-018-1936-y.

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

Lee et al. Arthritis Research & Therapy          (2021) 23:249 Page 9 of 9

https://doi.org/10.3899/jrheum.150436
https://doi.org/10.1038/ajg.2012.465
https://doi.org/10.1016/j.semarthrit.2017.07.011
https://doi.org/10.1016/j.semarthrit.2017.07.011
https://doi.org/10.1016/j.eururo.2016.10.046
https://doi.org/10.1016/j.eururo.2016.10.046
https://doi.org/10.1093/rheumatology/kew215
https://doi.org/10.1093/rheumatology/kew215
https://doi.org/10.3322/caac.21388
https://doi.org/10.3322/caac.21388
https://doi.org/10.3322/canjclin.55.6.368
https://doi.org/10.1002/1097-0142(197509)36:3<842::AID-CNCR2820360303>3.0.CO;2-U
https://doi.org/10.1002/1097-0142(197509)36:3<842::AID-CNCR2820360303>3.0.CO;2-U
https://doi.org/10.1097/01.md.0000076003.64510.00
https://doi.org/10.1097/01.md.0000076003.64510.00
https://doi.org/10.1038/nrc.2016.154
https://doi.org/10.1016/j.smim.2015.11.002
https://doi.org/10.1016/j.jaci.2018.06.045
https://doi.org/10.1016/j.jaci.2018.06.045
https://doi.org/10.1016/S0140-6736(00)04971-0
https://doi.org/10.1212/WNL.0000000000007971
https://doi.org/10.1212/WNL.0000000000007971
https://doi.org/10.4251/wjgo.v5.i3.68
https://doi.org/10.1016/j.jtho.2015.10.023
https://doi.org/10.1016/j.jtho.2015.10.023
https://doi.org/10.1007/s12094-018-1936-y

	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Enrolled patients and data collection
	Time interval between RPF and cancer diagnosis
	Cancer stages
	Patient survival
	Statistical analysis

	Results
	Baseline characteristics of patients with RPF
	Cancer risk in patients with RPF
	Characteristics of cancers in patients with RPF
	Staging at cancer diagnosis when stratified by RPF-cancer diagnosis interval
	Prognosis of patients with cancers when stratified by RPF-cancer diagnosis interval

	Discussion
	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

