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Background: With improving survival in ovarian cancer, second primary cancers (SPCs) and 

their etiological foundations are becoming an issue. The ways in which family history may 

influence the occurrence of SPCs and the related mortality are not well known.

Methods: Based on the Swedish Family-Cancer Database, we identified 11,300 ovarian cancer 

patients and followed them for diagnoses of SPCs until the end of 2015. Relative risks (RRs) 

of SPC in patients who had parents or siblings diagnosed with the same cancer (positive family 

history) were compared to those in patients without a family history (negative family history). 

Causes of death were compared between patients with and without SPC.

Results: A total of 1,111 (9.8%) ovarian cancer patients developed SPC with a median 

follow-up of 8 years. The impact of a family history of cancer on the risk of the same cancer 

as SPC was significant for colon (RR
positive family history

 [95% CI] vs RR
negative family history

 [95% CI]: 

4.95 [3.03–8.09] vs 2.00 [1.63–2.47]), lung (3.32 [1.88–5.84] vs 1.45 [1.16–1.83]), and breast 

(2.08 [1.58–2.73] vs 1.01 [0.88–1.15]) cancers. With a family history of any cancer, the RR for 

non-ovarian SPCs was 1.66 (1.54–1.74), in contrast to 1.38 (1.24–1.54) for SPCs without any 

family history (P-trend <0.001). Accounting for 42.1% of all deaths, SPC was found to be the 

main cause of death for patients with SPC.

Conclusion: A family history of a particular cancer contributed to an increased risk of SPC at 

the same site. Therefore, considering family history at the time of diagnosis of ovarian cancer 

may alert physicians to a syndromic background, management of which may help the patient 

and her family members.
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Introduction
The occurrence of multiple primary cancers is increasing with better survival in cancer 

patients. In cancer registries, such as the Swedish Cancer Registry, multiple primary 

cancers amounted to 23.1% of the number of first invasive cancers in 2016.1 Most 

multiple primary cancers are second primary cancers (SPCs). Survival in women with 

ovarian cancer, following the same pattern, has also been improving, and the 5-year 

relative survival is about 46% in USA.2 According to a Swedish study, the overall risk 

of SPCs was increased by about 1.5-fold compared to the risk of first cancer, and the 

highest excess risks were noted for connective tissue cancer, small intestinal cancers, 

and leukemia.3 Contributory factors for SPCs may include therapy-related adverse 

effects, increased surveillance, and the same causes that influenced patients’ first 

cancers, including family history and environmental factors.4–6 The impact of family 

history has been demonstrated in Hodgkin lymphoma patients, who had an excess 
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risk of lung, colorectal, and breast cancers when their family 

members were diagnosed with these cancers.7 The potential 

importance of family history is emphasized by the fact that 

about 50% of the cancer patients have a first degree rela-

tive diagnosed with some other (discordant) cancer, and for 

ovarian cancer this proportion is as high as 56%.8 Although 

SPCs have become an important cause of death in many 

cancers, data from the US Surveillance, Epidemiology, and 

End Results program indicate that in ovarian cancer SPCs 

account for far fewer deaths than ovarian cancer itself.9

In this study, we investigate the impact of family history 

on the risk of SPC in ovarian cancer patients. According to 

our hypothesis, if the ovarian cancer patient has a family his-

tory of colon cancer she would be at excess risk of a second 

primary colon cancer compared to the ovarian cancer patient 

without a family history of colon cancer. Ovarian cancer is a 

cancer related to BRCA1/2 mutations, which are associated 

with high-grade serous histology.10,11 Mutations in mismatch 

repair (MMR) genes manifested in hereditary non-polyposis 

colorectal cancer (HNPCC) syndrome, predisposing to famil-

ial ovarian cancer, preferentially of endometrioid and clear 

cell histology.12,13 We also explore the effect of the family 

history after excluding high-risk families possibly due to 

these gene mutations, using criteria based on age at the time 

of diagnosis and defined family history. In addition to the 

familial risk in SPC, we report on causes of death in patients 

with SPCs, noting their important contribution.

Methods
The Swedish Family-Cancer Database contains information 

on the national population in families (through the Multigen-

eration Register) diagnosed with cancer (from the Cancer 

Registry, started in 1958). The families include the second 

(offspring) generation born after 1931 and their biological 

parents (parental generation). Siblings can be identified in 

the offspring but not in the parental generation. The latest 

version of the database contains 16.1 million individuals, of 

whom 2.0 million were diagnosed with cancer by the end of 

2015. A total of 46,227 ovarian cancer cases (offspring and 

parental generation) were found among 4,216,676 women 

followed. Borderline tumors and in situ tumors have been 

excluded.

Follow-up for cancer in the offspring generation was 

started at the beginning of 1958, the birth year, or the immi-

gration year, whichever came latest. The follow-up was termi-

nated when a person was diagnosed with cancer, emigrated, or 

died, or at the end of 2015, whichever came first. Follow-up 

for SPC was started at the diagnosis of ovarian cancer and 

terminated at the diagnosis of SPC, emigration, death, or the 

end of 2015. Synchronous second malignancies were included 

as SPC. As the primary treatment for ovarian cancer is surgery 

which usually includes removal of the uterus, we did not con-

sider the risk of second endometrial cancer, but in the case 

of overall risk calculation all cancer cases are retained. The 

absolute risk was calculated as the number of second cancers 

observed in our cohort divided by the number of person-years 

at risk, multiplied by 100,000. Cumulative incidence rates of 

second malignancies were calculated considering death as a 

competing event. A Poisson regression model was employed 

to estimate the relative risks (RRs) and corresponding 95% 

CIs of SPC compared to the incidence of the same cancer as 

a first primary cancer. Significance levels were also indicated 

for 1% and 0.1% significance. A family history of cancer was 

defined through first degree relatives (parents and siblings). 

The P-value for trend was obtained from a non-parametric 

test (Median test) by comparing bootstrapped samples of a 

particular second cancer risk in ovarian cancer patients with 

a family history of this cancer (RR
positive family history

) to those 

samples in patients without a first-degree relative family his-

tory (RR
negative family history

). Potential confounders, including age 

group (5-year bands), parity (0, 1, 2, 3, and ≥4 child births), 

calendar period (5-year bands), residential area (large cities, 

South Sweden, North Sweden, or unspecified), and socio-

economic status (blue-collar worker, white-collar worker, 

farmer, private business, professional, or other/unspecified), 

were added to the model as covariates.

In sensitivity analyses, we attempted to delete families 

that may be carriers of known high-risk genes. An increased 

probability of BRCA1/2 association was defined for families 

in which at least two members had been diagnosed with breast 

cancer before the age of 50 years, or at least one member 

with bilateral breast cancer, counted as two independent cases 

when diagnosed at <50 years of age, or with a male breast 

cancer diagnosis;14 high-risk families associated with MMR 

were defined as families with colorectal or endometrial cancer 

diagnosed before the age of 50.15 Among all the women fol-

lowed, 25,188 (0.60%) were from possible high-risk families 

related to MMR mutations and 14,854 (0.35%) were from 

possible high-risk families related to BRCA1/2 mutations. In 

11,300 ovarian cancer patients, the respective numbers were 

108 (0.96%) and 79 (0.70%).

Underlying and contributory causes of death were 

obtained from the Swedish Cause of Death Register and 

recorded according to the WHO ICD (ICD-7, 1961; ICD-8, 

1969–1986; ICD-9, 1987–1996; ICD-10, 1997–2015). All 

cancer-related deaths were stratified into ovarian cancer, SPC, 
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and “other cancer”, which includes cancers diagnosed at the 

time of issue of the death certificate and which are neither the 

first cancer nor SPC. These death certificate notifications are 

not used by the Swedish Cancer Registry, in contrast to the 

other Nordic Cancer Registries.16–18 We found that they often 

included multiple cancers and cancer of unknown primary 

(CUP). In our previous analyses, these cancers have been 

interpreted as metastases.19,20 If the death certificate notifica-

tion matched the organ site of the reported primary cancer it 

was classified to that site, but in most cases no such assignment 

could be made and the classification was to “other cancer”. In 

some analyses, higher order primary cancers were classified 

separately. Other non-neoplastic causes of death were reported 

as “other cause”. Statistical analyses were carried out with 

SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
In total, 11,300 ovarian cancers were diagnosed in the 

0–83-year-old women in the offspring generation for whom 

RRs were calculated, and 1,111 patients (9.8%) were diag-

nosed with SPC (Table 1). Among SPC cases, 751 patients 

(67.6%) had a family history of cancer in first-degree rela-

tives; for 129 patients, SPC was the same (concordant) can-

cer that was diagnosed in the family members, and for 622 

patients, it was a different (discordant) cancer. The median 

age at the time of diagnosis of ovarian cancer was 50 years 

in patients who later developed SPC. The median age at the 

time of diagnosis of SPC was 62 years. The median time 

between diagnosis of ovarian cancer and that of SPC was 8 

years. In addition, 122 of the patients with an SPC had been 

diagnosed with a third primary cancer (11.0% of all SPCs).

The impact of family history on SPCs without removing 

high-risk families is assessed in Table 2, where the refer-

ence population had neither ovarian cancer nor a family 

history of SPC of any cancer (in the last row). The risk for 

SPC with a family history of any cancer was 1.74 (95% CI 

1.64–1.87) compared to 1.49 (1.34–1.65) for SPCs lacking 

such a family history. After removing the second ovarian 

cancer, the respective RRs were 1.66 (1.54–1.74) and 1.38 

(1.24–1.54). For patients lacking a family history, high risks 

were observed for small intestinal (3.23, 1.73–6.03), connec-

tive tissue (3.13, 1.73–5.67), and bladder (2.72, 2.01–3.69) 

cancers, and for CUP (2.69, 2.06–3.52). The trend test for 

family history was positive for SPCs with a concordant fam-

ily history of four cancers, namely colon (RR
positive family history

 

[95% CI] vs RR 
negative family history

 [95% CI]: 4.95 (3.03–8.09) 

vs 2.00 (1.63–2.47)], colorectal (4.17 [2.09–6.00] vs 1.84 

[1.53–2.22]), lung (3.32 [1.88–5.84] vs 1.45 [1.16–1.83]), 

and breast (2.08 [1.58–2.73] vs 1.01 [0.88–1.15]) cancers. In 

addition, the trend test was of borderline significance for SPC 

of squamous cell carcinoma of the skin with a family history 

compared to without a family history (3.25 [1.05–10.02] vs 

0.74 [0.48–1.15]). SPCs in patients with a family history of 

pancreatic and bladder cancers and of CUP displayed high 

RRs, although the case numbers were few. The most com-

mon familial SPCs were breast (52 patients) and colorectal 

cancers (29 patients). Table 2 does not list cancers with 

fewer than ten total cases; however, these are included in 

“All cancers”. Of the 122 third primary cancers, breast (32), 

colorectal (27), and lung (12) cancers accounted for 58% of 

the total. After removing high-risk families, the impact of a 

family history of cancer on the risk of this cancer as an SPC 

remained significant (Table S1).

The cumulative incidence of second primary breast and 

colorectal cancer is shown in Figure 1, stratified by age at 

the time of diagnosis of the SPC. Figure 1 shows plots of 

SPCs for those with a family history of concordant cancer 

(solid lines) and without a family history (dashed lines). For 

SPCs in patients with a family history, the cumulative inci-

dence increased steeply from about the age of 45–60 years 

Table 1 Familial demography of the population followed during the period 1958–2015

Number of females followed 4,216,676

Number of cases
A. OC diagnoses 11,300
B. SPC diagnoses 1,111 (9.8% of all OC survivors, B/A)
C. Familial SPC 751 (67.6% of all OC survivors with SPC, C/B)
D. Familial SPC (concordant) 129 (16.2% of all familial SPC, D/C)
E. Familial SPC (discordant) 622 (83.8% of all familial SPC, D/C)
Number of deaths
F. Deaths among all OC patients 5,559 (49.2% of all OC patients, F/A)
G. Deaths among OC patients with SPC 544 (49.0% of all diagnosed with SPC, G/B)
H. Total deaths among SPC patients with positive family history 362 (48.2% of all familial SPC diagnoses, H/C)

Abbreviations: OC, ovarian cancer; SPC, second primary cancer.
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and less steeply at higher ages. The cumulative incidence of 

second primary breast cancer with a family history reached 

5.0% at the age of >80 years, somewhat higher than that for 

second primary colorectal cancers (2.6%). In patients lack-

ing a family history, second primary breast cancer reached a 

cumulative incidence of 2.4%, compared to that of colorectal 

cancer of 1.5%.

Overall, 5,559 ovarian cancer patients (49.19%) died 

during the follow-up period, and the proportion was almost 

identical (48.96%) in those with SPC and those with SPC 

and a family history (48.20%) (Table 1, bottom part).

Causes of deaths were analyzed for ovarian cancer 

with or without SPC depending on follow-up time from 

the diagnosis of ovarian cancer (Table 3). Causes of deaths 

Table 2 Risk of second primary cancers in ovarian cancer patients with or without a family history of concordant cancer

Cancer site Patients 
without 
ovarian 
cancer

Patients with ovarian cancer P-trend 
valueNegative family history Positive family history

N Person-
years 
at risk

Absolute 
risk

RR 95% CI N Person-
years 
at risk

Absolute 
risk

RR 95% CI

UAT 3,804 12 91,904.6 13.1 1.10 0.62–1.94 0 – – – – –
Stomach 2,238 16 90,627.8 17.7 2.21 1.35–3.62 1 3,157.5 31.7 3.43 0.48–24.4 0.31
Small intestine 933 10 93,247.3 10.7 3.23 1.73–6.03 0 – – – – –
Colorectum 17,435 114 86,302.6 132.1 1.84 1.53–2.22 29 9,302.3 311.7 4.17 2.09–6.00 <0.001
Colon 12,531 89 88,688 100.4 2.00 1.63–2.47 16 6,264.7 255.4 4.95 3.03–8.09 <0.001
Rectum 6,088 37 91,180.4 40.6 1.72 1.24–2.37 1 2,985.2 33.5 1.30 0.18–9.21 0.32
Liver 3,210 22 91,568.9 24.0 1.89 1.24–2.88 1 2,336.2 42.8 3.17 0.45–22.52 0.34
Pancreas 3,943 36 92,092.8 39.1 2.35 1.69–3.27 3 1,974.8 151.9 8.38 2.70–25.98 0.52
Lung 13,444 74 88,547.8 83.6 1.45 1.16–1.83 12 6,185.4 194 3.32 1.88–5.84 <0.001
Breast 75,091 209 86,237 242.4 1.01 0.88–1.15 52 10,217.7 508.9 2.08 1.58–2.73 <0.001
Other female 
genitals

1,691 11 93,508.7 11.8 2.07 1.14–3.75 0 – – – – –

Kidney 4,174 21 91,167.7 23 1.61 1.05–2.48 1 2,505.9 39.9 2.56 0.36–18.17 0.32
Bladder 4,112 42 91,136.2 46.1 2.72 2.01–3.69 3 3,199.2 93.8 5.32 1.72–16.52 0.15
Melanoma 17,510 38 91,316.9 41.6 1.06 0.77–1.46 2 2,714.7 73.7 1.81 0.45–7.24 0.15
Skin (SCC) 6,761 20 90,646.7 22.1 0.74 0.48–1.15 3 3,168.9 94.7 3.25 1.05–10.02 0.06
Nervous 
system

12,197 16 91,241.4 17.5 0.68 0.42–1.12 2 2,573.5 77.7 3.04 0.76–12.15 >0.99

Thyroid gland 4,693 10 93,065.9 10.7 1.57 0.84–2.92 0 – – – – –
Endocrine 
glands

7,057 22 92,527.6 23.8 1.35 0.89–2.06 0 – – – – –

Connective 
tissue

1,897 11 93,097.7 11.8 3.13 1.73–5.67 0 – – – – –

Non-Hodgkin 
lymphoma

6,549 17 91,018.7 18.7 0.87 0.54–1.40 1 2,848.2 35.1 1.45 0.20–10.29 0.32

Leukemia 7,128 29 91,402.4 31.7 1.67 1.16–2.40 0 – – – – –
CUP 5,569 54 91,491.8 59.0 2.69 2.06–3.52 3 2,864.6 104.7 3.98 1.28–12.36 0.58
All cancers a 97,412 360 38,991.1 923.3 1.49 1.34–1.65 751 67,206.3 1,117.5 1.74 1.62–1.87 <0.001
All cancers b 97,412 334 38,991.1 856.6 1.38 1.24–1.54 714 67,206.3 1,062.4 1.66 1.54–1.74 <0.001

Notes: aAll cancers including second ovarian cancer. bAll cancers excluding second ovarian cancer. Absolute risk = Number/100,000 person-years. Bold, italic and underlined 
values indicate that the 95% CI, 99% CI and 99.9% CI did not overlap with 1.00 respectively.
Abbreviations: CUP, cancer of unknown primary; RR, relative risk; SCC, squamous cell carcinoma; UAT, upper aerodigestive tract.

Figure 1 Cumulative incidence of SPCs according to age at the time of diagnosis 
of SPC.
Abbreviations: BC, breast cancer; CRC, colorectal cancer; SPC, second primary 
cancer.
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were defined separately as ovarian cancer, SPC (if pres-

ent), other cancers, and other (non-neoplastic) causes. For 

patients with SPC, SPC was the main cause of death in the 

last two follow-up periods (43.1%, 5–10 years and 50.9%, 

>10 years) and overall (42.1%). During the follow-up time 

up to 5 years, ovarian cancer was the main cause of death. 

Other causes were minor, reaching 15.1% in the last period. 

For ovarian cancer without SPC, the dominant cause of 

death was ovarian cancer. In the last follow-up period, other 

causes emerged, reaching 32.5%. Among 102 other cancers, 

many death codes indicated multiple and poorly localized 

cancers or tumors of undefined behavior; CUP was speci-

fied for 19 deaths.

Of the total 544 deaths in patients with SPC, causes of 

death were distributed among ovarian cancer (29.2%), SPC 

(42.1%), other cancers (18.8%), and other causes (9.9%) 

(Table S2). Among the 102 patients who died from other 

cancers, 28 deaths were due to higher order primaries (third, 

fourth, etc, primaries), and the rest were cancers assigned as 

the cause of death by the death registrar. Among 28 deaths 

with higher order primaries, eight patients shared second 

and third primary cancers and cause of death (three were 

breast cancer and the rest were other individual cancers). 

Most fatalities were caused by breast (88), colorectal (75), 

and lung (66) cancers, and by CUP (47). Figure 2 shows the 

distribution of causes of death for all patients with SPC and 

for cancers causing at least ten deaths. Pancreatic cancer, 

leukemia (seven acute myeloid leukemia, three acute mono-

cytic leukemia, and one megakaryocytic type), liver, and lung 

cancers were most fatal as SPCs and they were responsible 

for more than 70% of deaths. Melanoma and CUP appeared 

to be the least fatal types.

Discussion
In the present study, 9.8% of the ovarian cancer patients were 

diagnosed with SPC at a median of 8 years after the initial 

diagnosis. The proportion of third primaries was approxi-

mately similar (11.0% of SPCs). As this was a familial 

study focusing on the offspring generation, who were only 

followed to younger ages than their parents, the median 

diagnostic age of ovarian cancer (50 years) was lower than 

the median diagnostic age in the whole population includ-

ing the parents (63 years). Patients’ family history was an 

important contributor to the risk of SPC and was found 

in 67.6% of the ovarian cancer patients. A family history 

of colon cancer was associated with close to a 2.5-fold 

increased risk and of lung and breast cancers with more than 

a two-fold risk. The present data show that in patients with 

SPC, this cancer was the main cause of death, accounting 

for 42.1% of all deaths. In patients without SPCs, ovarian 

Table 3 Causes of death in ovarian cancer patients with or without SPC according to follow-up time from ovarian cancer diagnosis

Ovarian 
cancer

Causes of 
death

<1 year, 
n (%)

1–4 years, 
n (%)

5–10 years,  
n (%)

>10 years,  
n (%)

All,  
n (%)

With SPC Ovarian cancer 10 (45.4) 71 (58.7) 47 (40.5) 31 (10.9) 159 (29.2)
SPC 8 (36.4) 26 (21.5) 50 (43.1) 145 (50.9) 229 (42.1)
Other cancers 4 (18.2) 19 (15.7) 13 (11.2) 66 (23.2) 102 (18.8)
Other causes 0 5 (4.1) 6 (5.2) 43 (15.1) 54 (9.9)
All, n (%) 22 (4.0) 121 (22.2) 116 (21.3) 285 (52.4) 544 (100.0)

Without SPC Ovarian cancer 849 (86.5) 2,238 (90.5) 950 (86.9) 269 (57.6) 4,306 (85.9)
Other cancers 88 (9.0) 177 (7.2) 75 (6.9) 46 (9.8) 386 (7.7)
Other causes 44 (4.5) 59 (2.4) 68 (6.2) 152 (32.5) 323 (6.4)
All, n (%) 981 (19.6) 2,474 (49.3) 1,093 (21.8) 467 (9.3) 5,015 (100.0)

Abbreviation: SPC, second primary cancer.
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Figure 2 Distribution of cause of death: second primary cancer, ovarian cancer, 
other cancers, and other causes among ovarian cancer patients with second primary 
cancer. Only cancer sites with more than ten cases of death are displayed.
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cancer was the overwhelming cause of death, accounting 

for 85.9% of all deaths.

The clinical implications of the findings reiterate the 

notion that multiple primary cancers often emerge in the 

hereditary cancer setting.4,21 It is thus likely that some of 

the observed SPCs arose in mutation carriers; for example, 

breast and pancreatic cancers are found in BRCA1/2 mutation 

carriers,22 whereas colorectal cancer is the hallmark cancer 

in HNPCC associated with MMR mutations.23 Population 

frequencies of deleterious BRCA1/2 or MMR mutations are 

not known for Sweden but the estimate for MMR mutation 

carriers is 1/1200 (0.08%).24 Among the US European popu-

lation, BRCA1/2 mutations are assumed to account for 1.4% 

of the breast cancer cases, and as the cumulative incidence 

of breast cancer is 10%, the population frequency of these 

mutations would be 0.14%;25 the mutation frequency in 

Sweden is estimated to be 1.8% of all breast cancers, which 

would translate to a population frequency of 0.18% (Kamila 

Czene, unpublished). According to a Swedish study, about 

11% of the ovarian cancers were caused by germline muta-

tions in the BRCA1/2 and 2% in the MMR genes.26 As we 

have no genetic data for the Swedish population, we tried to 

estimate the potential role of these genes in the discordant 

familial associations by removing high-risk families accord-

ing to previously defined criteria.14,15 After excluding such 

patients, the effect of family history on SPC risk remained. 

This suggests that some other genetic or environmental fac-

tors are likely to contribute to the excess number of ovarian 

cancer patients later developing second cancers.

Even though family history contributed to a larger number 

of patients with SPCs, the overall proportion of deaths in 

patients with a family history was in line with overall mortal-

ity in ovarian cancer. Although SPCs would be expected to 

convey an unfavorable prognosis, particularly in cancers with 

good survival rates, such as breast cancer, survival of ovar-

ian cancer is relatively poor and thus SPCs did not influence 

mortality.27 However, Figure 2 shows that fatal first primary 

cancers, such as pancreatic cancer, were also fatal as SPCs, 

and these influenced survival negatively.

According to Figure 2, CUP was among the least fatal 

cancers although, as a metastatic cancer, it is known to carry a 

miserable prognosis, similar to or even worse than pancreatic 

cancer.28–30 The likely reason for this discrepancy is the death 

registration practice in Sweden for CUP. The cause of death 

is listed as the cancer that was thought to kill the patient, 

ie, if the death registrar reasons that lung metastases killed 

the patient, the cause of death is assigned to lung cancer.31 

Another deviation in mortality was leukemia which, overall, 

is only moderately fatal as the first primary (5-year survival 

62.7%).2 The likely reason for the high mortality of leukemia 

as an SPC was that ten of eleven cases were acute leukemia.

One of the challenges for studies on SPCs is making 

an accurate diagnosis to separate the second primary from 

metastases resulting from the first primary. An ad hoc study 

on the diagnostic accuracy of second neoplasms in the 

Swedish Cancer Registry found 98% to be correctly classi-

fied; no recorded SPC was found to be a metastasis.32 Another 

concern for this study is the difficulty in identifying the real 

cause of death for individuals with multiple primary cancer 

diagnoses. One study performed in Sweden, based on inter-

national standards, indicated 77% agreement between the 

cause of death from death certificates and the expected cause 

of death based on case summaries.33 As an additional caveat, 

clinical, behavioral, and environmental information is not 

available in the database, such as histology, tumor stage, and 

treatment for the ovarian cancer, body mass index, behavioral 

features such as smoking patterns, and oral contraceptive 

use. However, we adjusted the socioeconomic factors, which 

removes a certain degree of confounding.

Conclusion
Approximately 10% of the ovarian cancer patients were 

diagnosed with SPC and two-thirds of the patients had a 

first degree relative diagnosed with cancer. High familial 

risks were found for breast and colorectal cancers, which 

are known to manifest in ovarian cancer-related syndromes. 

However, a family history of a particular cancer contrib-

uted to an increased risk of SPC at the same site, despite 

the non-inclusion of possible high-risk families. Thus, our 

data collectively indicate that taking a family history at the 

time of diagnosis of ovarian cancer may alert physicians to 

disease management, which may help the patient as well as 

her family members.

Abbreviations
BC, breast cancer; CRC, colorectal cancer; CUP, cancer 

of unknown primary; HNPCC, hereditary non-polyposis 

colorectal cancer; OC, ovarian cancer; RR, relative risk; SCC, 

squamous cell carcinoma; SPC, second primary cancer; UAT, 

upper aerodigestive tract.
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Supplementary materials

Table S1 Risk of second primary cancers in ovarian cancer patients with or without a family history of concordant cancer, after 
removing high-risk families

Cancer site Patients 
without 
ovarian 
cancer

Patients with ovarian cancer P-trend 
valueNegative family history Positive family history 

N RR 95% CI N RR 95% CI

UAT 3,769 12 1.12 0.64–1.97
Stomach 2,217 16 2.25 1.37–3.68 1 3.46 0.49–24.62 0.54
Small intestine 919 10 3.29 1.76–6.14
Colorectum 14,122 114 1.94 1.61–2.33 24 3.80 2.54–5.67 <0.001
Colon 9,965 86 2.04 1.65–2.52 14 4.80 2.94–8.11 <0.001
Rectum 5,090 37 1.82 1.32–2.51 1 1.42 0.20–10.11 0.33
Liver 3,178 21 1.84 1.20–2.82 1 3.17 0.45–22.5 0.32
Pancreas 3,905 36 2.40 1.73–3.33 3 8.58 2.77–26.62 0.52
Lung 13,327 74 1.47 1.17–1.85 12 3.43 1.95–6.04 <0.001
Breast 71,595 204 1.04 0.90–1.19 49 2.24 1.69–2.96 <0.001
Other female genitals 1,665 11 2.11 1.16–3.82
Kidney 4,130 21 1.64 1.07–2.53 1 2.59 0.36–18.38 0.32
Bladder 4,073 40 2.64 1.93–3.60 3 5.46 1.76–16.94 0.53
Melanoma 17,326 37 1.05 0.76–1.45 2 1.84 0.46–7.37 0.97
Skin (SCC) 6,692 20 0.76 0.49–1.17 3 3.30 1.06–10.23 0.06
Nervous system 12,083 16 0.70 0.43–1.14 1 1.57 0.22–11.14 0.29
Thyroid gland 4,635 10 1.60 0.86–2.98
Endocrine glands 6,938 22 1.38 0.91–2.10
Connective tissue 1,883 11 3.18 1.75–5.76 0
Non-Hodgkin lymphoma 6,492 17 0.88 0.55–1.42 1 1.49 0.21–10.58 0.32
Leukemia 7,053 29 1.70 1.18–2.45 0
CUP 5,491 51 2.59 1.97–3.42 3 4.08 1.32–12.66 0.56
All cancersa 94,104 360 1.52 1.37–1.68 734 1.77 1.64–1.90 <0.001
All cancersb 94,104 334 1.41 1.26–1.57 689 1.67 1.55–1.81 <0.001

Notes: aAll cancers including second ovarian cancer. bAll cancers excluding second ovarian cancer. Bold, italic and underlined values indicate that the 95% CI, 99% CI and 
99.9% CI did not overlap with 1.00 respectively.
Abbreviations: CUP, cancer of unknown primary; RR, relative risk; SCC, squamous cell carcinoma; UAT, upper aerodigestive tract.
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Table S2 Causes of death in ovarian cancer patients diagnosed with SPC

Second cancer Total number of 
deaths and % of all 
patients with SPC

Causes of death

Ovarian cancer SPC Other cancers Other 
causes

N % N % N % N % N %

UAT 2 16.7 1 50 1 50 0 0 0 0
Stomach 15 88.2 3 20.0 9 60.0 3 20.0 0 0
Small intestine 9 90.0 4 44.4 1 11.1 3 33.3 1 11.1
Colorectum 75 52.4 12 16.0 39 52.0 18 24.0 6 8.0
Liver 18 78.3 3 16.7 13 72.2 2 11.1 0 0
Pancreas 34 87.2 0 0 31 91.2 1 2.9 2 5.9
Lung 66 76.7 8 12.1 48 72.7 6 9.1 4 6.1
Breast 88 33.7 33 37.5 34 38.6 10 11.4 11 12.5
Other female genitals 5 45.5 1 20.0 1 20.0 3 60.0 0 0.0
Kidney 7 31.8 3 42.9 4 57.1 0 0 0 0.0
Bladder 20 44.4 2 10.0 12 60.0 4 20.0 2 10.0
Melanoma 11 27.5 5 45.4 3 27.3 3 27.3 0 0.0
Skin (SCC) 7 30.4 4 57.1 0 0.0 1 14.3 2 28.6
Nervous system 12 66.7 0 0.0 6 50.0 4 33.3 2 16.7
Thyroid gland 2 20.0 0 0.0 2 100.0 0 0 0 0.0
Endocrine gland 4 18.2 1 25.0 0 0.0 0 0 3 75.0
Connective tissue 7 63.6 1 14.3 1 14.3 4 57.1 1 14.3
Non-Hodgkin lymphoma 8 44.4 0 0 1 12.5 6 75.0 1 12.5
Leukemia 15 51.7 2 13.3 11 73.3 2 13.3 0 0.0
CUP 47 82.5 23 48.9 5 10.6 16 34.0 3 6.4
All 544 49.0 159 29.2 229 42.1 102 18.8 54 9.9

Abbreviations: CUP, cancer of unknown primary; SCC, squamous cell carcinoma; SPC, second primary cancer; UAT, upper aerodigestive tract.
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