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ABSTRACT

Background: Recent reports of the Golestan population-based cancer registry (GPCR) suggested increasing trends in the inci-
dence and survival rates of cancers in Golestan, Northern Iran. We investigated the risk of developing second primary neoplasms
(SPNs) among cancer survivors in Golestan.

Methods: The GPCR cases for whom a first primary cancer was diagnosed between 2004 and 2019 were included as cohort
participants. The cohort members were followed by the end of 2020, and the occurrence of a second primary neoplasm (SPN)
was considered as the study outcome event. The standardized incidence ratios (SIRs) and the Absolute excess risks (AERSs), with
corresponding 95% confidence intervals (95% CI) were calculated to evaluate the risk of SPNs.

Results: Of the total 32,980 cases with first primary cancer, with a median follow-up of 3.4years, 772 (2.3%) SPNs were reg-
istered. Our findings suggested a significantly higher risk of occurring new neoplasms among cancer survivors, with a SIR
of 4.6 (95% CI: 4.3-4.9) and an AER of 41.8 per 10,000 person-years (95% CI: 37.6-46.0). Rural residents had a higher risk of
SPN (SIR =5.48) than urban dwellers (SIR=3.99). Patients with first primary cancers of the ovary (SIR=6.83) and prostate
(SIR=6.72) had the highest risk of any SPNs. The highest risk of site-specific SPNs was observed for the SPNs of the ovary
(SIR=8.11) and NHL (SIR=7.07).

Conclusions: Our results suggest that cancer patients are at significantly higher risk of getting a new neoplasm than the gen-
eral population. These findings highlight the need for designing and implementing efficient surveillance programs for cancer
survivors.
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1 | Introduction

Cancer is a significant global health challenge with rising in-
cidence and prevalence. In 2020, there were 19.3 million new
cancer cases and 9.9 million cancer-related deaths reported
worldwide [1]. These numbers are projected to increase even
further in the coming years [2]. In addition, the 2019 Global
burden of disease (GBD) study showed the growing burden of
cancer in low and middle-sociodemographic index (SDI) coun-
tries including Iran [3]. Iran is witnessing a growing trend in
cancer incidence, and it is predicted that the number of cancer
cases will have a 42.6% increase from 2016 to 2025 [4]. In the
Golestan province, a high-risk area for upper gastrointestinal
cancers in Northern Iran [5, 6], this rate is even higher. The
Golestan Population-based Cancer Registry (GPCR) reported
that the number of new cancer cases in 2025 is estimated to
increase by 61.3% compared with 2016 statistics in this re-
gion [7].

These days, thanks to cancer prevention strategies, advances
in diagnostic techniques, and high-quality care for cancer
patients, the trend of survival in cancer cases is increasing
globally [8, 9]. Recent reports from the GPCR suggested an
increase in survival rates of cancer patients among Golestan
residents [10, 11]. Cancer survivors have a higher risk of
multiple primary cancer (estimated 1.5 to 3.1 times higher)
in comparison with the general population [12]. According
to the International Agency for Research on Cancer (IARC)
protocols, multiple primary cancers are defined as the occur-
rence of two or more distinct cancers in an individual, which
is neither an extension, nor a recurrence, nor metastasis [13].
Statistics showed that the risk of multiple primary cancers is
higher among patients with better survival chances, for ex-
ample, breast cancer; this can be related to the cancer treat-
ment late effects or common risk factors to the first primary
cancers.

Therefore, it is expected that with an increase in the number
of new cancer cases in the future (it is predicted to reach 30.2
million new cancer cases by 2040 globally) and the growing
trend in survival rate generally, the risk of subsequent primary
neoplasms is also likely to increase [2, 8, 14]. Therefore, investi-
gating the risk of developing subsequent primary cancers is cru-
cial for making effective plans for follow-up in cancer patients
[12, 15].

Considering recent reports of increasing trends in the incidence
and survival rates of cancers in Golestan province, we conducted
this study to investigate the risk of second primary neoplasms
(SPNs) among cancer survivors in this high-risk population, be-
tween 2004 and 2019.

2 | Materials and Methods

2.1 | Source of Data and Definitions

Data on cancer patients as well as data on SPN were obtained
from the GPCR dataset. The GPCR started its activity as a

high-quality population-based cancer registry in 2004 [7, 16]. It
covers the population of Golestan province, with 1.87 million

residents in 2016 [17], constituting 2.3% of Iran's total popula-
tion, located in Northern Iran with an area of about 20,000 km?.
The GPCR was accepted as a voting member of the International
Association of Cancer Registries (IACR) in 2007, and its data
were accepted for publication in volumes X, XI, and XII of the
Cancer Incidence in Five Continents (CI-5) project of the IARC
[18-20]. Based on the indices of data quality, the GPCR is a high-
quality population-based cancer registry which collects data
on cancer patients with acceptable accuracy and completeness
across sub-populations of the Golestan province (e.g., urban and
rural populations) [16, 21].

The GPCR registered subsequent primary neoplasms (multiple
primary cancers) in cancer patients using the IARC “interna-
tional rules for multiple primary cancers” [13, 15, 22]. According
to the TARC rules, multiple primary cancers are defined and
registered as occurring two or more primary neoplasms in a
person that originate in the primary site or tissue and are not
extension, recurrence, or metastasis. Based on the number of
multiple primary cancers in the GPCR dataset, only SPN were
included in the present study. In other words, we excluded third
primary neoplasms due to the very small sample size in the
GPCR dataset.

The GPCR considered a passive follow-up for its registered
cases by performing linkage between the GPCR dataset and the
Golestan death registry dataset [16, 23]. We obtained follow-up
data, including vital status and date of death, from the GPCR
dataset.

2.2 | Study Cohort and Follow-Up

The GPCR cases for whom a first primary cancer was diagnosed
between 2004 and 2019 were included as our cohort partici-
pants. Patients with non-malignant tumors were excluded. We
also excluded cases with non-melanoma skin cancer (NMSC).
Based on the availability of follow-up data in the GPCR dataset,
our cohort members were followed until the end of 2020. Person-
years at risk were accumulated for each of our cohort partici-
pants from the date of diagnosis of the first primary cancer up to
the earliest of three events: date of diagnosis of an SPN, date of
death, or end of follow-up (December 31, 2020).

2.3 | Explanatory Variables

According to the availability of data, we stratified all analyses
by sex, residence area, year of diagnosis of first cancer, age at
diagnosis of first cancer, and cancer site. The year of diagnosis of
the first cancer was categorized into 3 periods including 2004~
2009, 2010-2014, and 2015-2019. Considering age at diagnosis
of the first primary cancers, participants were categorized into
children (0-14years), adolescents and young adults (AYA) (15-
39years), and adults (>40years). The age categorization was
made according to the previous studies and based on differences
in tumor characteristics and behaviors between the selected age
groups [12, 24-26]. For site-specific analysis, cancer sites were
classified based on the International Classification of Disease,
tenth revision (ICD-10). According to the most recent reports
of the GPCR [7, 16, 27], the following 10 most common cancer
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sites, including breast (female) (C50), stomach (C16), esophagus
(C15), colorectum (C18-C20), lung (C34), leukemia (C91-C95),
brain (C70-C72), prostate (C61), bladder (C67), non-Hodgkin
lymphoma (NHL) (C82-C85, C96), thyroid (C73), liver (C22),
ovary (C56), larynx (C32), and pancreas (C25) were considered
for site-specific analysis.

2.4 | Statistical Analysis

2.4.1 | Incidence Rates of First Primary Cancer in
the General Population

The numbers and incidence rates of first primary cancer in the
general population of Golestan (2004-2019) were presented
across sex, residence area, period of diagnosis, age groups, and
cancer sites. Crude incidence rates in the general population
(General incidence rates) were calculated by dividing the num-
ber of first primary cancer cases by the corresponding number
of the general population of Golestan. Age standardized inci-
dence rates (ASR) of first primary cancer were calculated by the
direct standardization method using the World standard popu-
lation [28].

2.4.2 | Assessing the Risk of SPN

The median and interquartile range (IQR) were calculated for
overall follow-up time and time to SPN. The observed numbers
of SPNs among the study cohort were presented by sex, resi-
dence area, period of diagnosis, age group, and cancer site. To
evaluate the risk of SPN, we calculated the standardized inci-
dence ratios (SIRs) and the Absolute excess risks (AERs). The
main aim of the calculation of SIRs is to measure the strength
of association between first and second primary cancers. The
AERs are calculated to measure the absolute increase in risk
of a SPN.

As a requirement for the calculation of SIRs and AERs, we
needed to calculate the expected number of SPNs among the
study cohort. The expected number of SPNs was calculated by
applying the general incidence rates (incidence rates of first pri-
mary cancers in general population of Golestan) to the person-
years at risk among the study cohort stratified by sex, age group,
and cancer site.

SIRs were calculated as the ratio of the observed and the ex-
pected number of SPNs. The SIRs were stratified by sex, res-
idence area, period of diagnosis, age group, and cancer site.
We also calculated the 95% confidence intervals (95% CIs) for
the SIRs assuming a Poisson distribution [29]. AERs were
calculated as the observed minus the expected number of
SPNs, divided by the person-years at risk and multiplied by
10,000. The AERs were stratified by sex, residence area, pe-
riod of diagnosis, age group, and cancer site. The 95% CIs for
AERs were calculated according to the previously described
method, assuming a normal distribution [30]. SIRs and AERs
were considered to be statistically significant if the 95% CIs
did not include 1 and 0, respectively. In the case of fewer than
5 observed SPNs, the SIR and AER were not calculated, be-
cause the results were not reliable due to the small number of

SPNs. Statistical analyses were performed using R software
(version 4.3.1).

2.5 | Ethical Considerations

The protocol of this study was reviewed and approved by the
ethics committee of the Golestan University of Medical Sciences
(ethics code: IR.GOUMS.REC.1400.212).

3 | Results

Our study cohort comprises 32,980 cases with first primary
cancers (excluding NMSC) diagnosed between 2004 and 2019.
The crude incidence rate (general incidence rate) and the ASR
of first primary cancers in the Golestan population were 117.0
and 144.2 (95% CI: 142.5-145.8) per 100,000 person-years. Of
the total 32,980 first primary cancers, 17,030 (51.61%), 18,206
(55.2%), and 26,981 (81.8%) occurred in males, urban residents,
and adults, respectively. The most common sites of first primary
cancers were the breast (n =4206, 12.8%), stomach (3699, 11.2%),
and esophagus (3093, 8.4%). Table 1 gives more detailed infor-
mation on the characteristics of our study cohort.

Overall, the study cohort contributed 144,321.8 person-years
of follow-up between January 1, 2004, and December 31, 2020
(median follow-up 3.4years; IQR: 0.9-8.0). Table 2 shows the
person-years of follow-up across age groups, sex, residence area,
period of diagnosis, and cancer sites.

Of the 32,980 participants of the cohort, 772 (2.3%) experienced
a SPN with the median time to SPN of 1.5years (IQR: 0.4-4.2).
The observed and expected number of SPNs, the SIRs, and the
AERs across sex, residence area, period of diagnosis, age groups,
and cancer sites are presented in Table 2. Our results showed a
significantly higher risk of occurring new primary neoplasm in
cancer patients when compared to the general population. The
overall relative risk of developing a new primary cancer was 4.57
times higher among our cancer patients compared with the gen-
eral population of Golestan (SIR =4.57; 95% CI: 4.25-4.90). Our
findings suggested that our cohort participants experienced 42
more (excess) primary neoplasms (per 10,000 person-years of
follow up) than the general population (AER =41.80 per 10,000;
95% CI: 37.63-45.96).

Of the total 772 SPNs, 378 (49.0%), 447 (57.9%), and 643 (83.3%)
were diagnosed in men, rural residents, and adults, respectively.
The most common sites of SPNs were stomach (n=89, 11.5%),
colorectum (79, 10.2%), breast (79, 10.2%), and esophagus (53,
6.9%). The SIRs and AERs were similar for males (SIR =4.50,
AER=42.28) and females (4.66, 41.38). Our findings sug-
gested higher SIRs and AERs for rural residents (SIR=5.48,
AER =48.37) than for urban residents (3.99, 37.46). The SIRs
(95% CIs) for children, AYA, and adult population were 22.5
(95% Cls: 7.80-37.20), 10.91 (8.96-12.86), and 1.60 (1.48-1.72),
and the corresponding AERs (95% CIs) were 19.93 (6.00-33.86),
39.19 (31.13-47.26), and 21.46 (15.81-27.11), respectively.

When assessing the risk of any SPN by the site of the first primary
cancer, the highest SIRs of any SPN were found for patients with

3of 14



(senunuo))

(8% ZT-8T'IT)

(STT-EL¥T)

ITHT-€T°ET)

€8°TT L9°6 Gs'8 €9¢T 6v°ST 10°CT v6'6 €691 79°€1 ¥8°01 LT6 950¢  WNJdAI0[0)
(€L°ST-€L'€T) (ET°81-56'91)
(TTT1-96'6) 6501 91’8 1L 0STT €LYT 80'ST L6VT 6¥ST ¥SLT el T 669¢ [Yorwolg
(T9'€1-02°21) (6L°LT-ST'9T) (EY'ST-LE V)
16'C1 856 L' 1SET L691 9¢T1 €201 LY 0671 L6°01 8¢°6 £60¢ sngeydosyg
JI90URD JSI1J JO 9IS
(6S°TST-€TSHT) (95°891-87°09T) (T9'8ST-+1°€ST)
16'SP1 76°0%1 oY TH €199 W9l TW9sT 00°8¢ 1LY9 88°GST 99°8€T L96E  P80°CT 6102-S102
(99°7C1-95°STT) (6T°SST-SL'9¥T) (STLET-ELTET)
IT61T LS €0T ANY4 vyoP TO°IST YT OIT 85°0€ L0TS 6V PET 16'601 L8°6T 1586 ¥102-0102
(IT°621-69°12T) (T¥"8ST-SL'6YT) (16'TPT-6T°LET)
STl 1€°S6 6t €691 80¥ST 6L°601 SPIE 4939 SO0vT 16°201 9%'0¢  SPO'OT  600T-+00T
poriad 1epuare)
(9%'22T1-29°911) (S0°09T-16'2ST) (SL'6ET-LT'SET)
$S°611 61°66 95°TY 68L9 8¥°9ST L89TT 68°9% S86L 9y LET 70°801 08y  PLLYT [eany
(96'SP1-88°6€T) (€8'T91-S0°SST) (29°TS1-80°8%T)
6T ST9TI Y¥LS 1916 ¥¥'8ST 0S¥ZT 11°¢S S¥06 SE0ST 8€°6TI 07'SS  90T‘ST ueqin
BATIR 0U™PISoY
(69°95¢-ST¥+¢€) (0Y'1S¥-29°9¢h) (IT10P-LY"16€)
Tr0SE LT 9TE 98°LL  STFTI 101 1S°16€ 1S°'S8  €9S¥T 62°96€ 75°8S€ 1818 T1869C SInpy
(I1'87-68v1) (r0'1€-2H'82) (IT6€-€1LE)
0S°9¥ 0L’ 8Y 61°0T 1t443 €L°6T 65°0€ LLTT 002 JARTS 69°6€ $8°G1 ¥22s VAV
(8T €1-¥0°T1)
(¥¥'6-95L) 0S°S Lt'8 96'T 453 91'CI 01zt LT €9¥ (60°TT-£9'6) 9€°0T €01 34 SLL UuaIpTIYD
dnoid a3y
(60'7ET-58°62T) (8T6ST-TH ¥ST) (9L SPT-$S THT)
L6TET TT°ETT 00'00T  0S6'ST 68961 08021 00°00T  0€0°LT STHHT 96911 00°00T  086°CE Tel0L,
(ID %S6) SV ajex % N (ID %S6) SV e % N (ID %S6) SV ajex % N S9[qerres
TeIdUdH [eIdudn [eIduan
Jrewrdg JIeN d[ewId pue dfew yjog

'6102-¥00T ‘UBI] ‘ULISS[0D UT

J9dUe)d UlyS eluoueamuIuou wH: Nn[oxa wuﬁo_umﬁmuooﬂmo 0 (s1eak-uosiod OO0.00H 1od ASV ue ¢ OOOAOOﬂ 1od Jjel eIoUaS 91e1 32UapIdul 9 nio ¢ % HQOUMQQ, N) IdquIn :sonsreideIeydoyo) | 1HT1dV.L
b I pn 3 p 1 piout ap q yo 0y

Cancer Medicine, 2025

4 of 14



*9)B1 IUSPIOUT PAZIPIepuR)s-35e “YSV [BAIIUI 9IUIPIFUOD %56 ‘T %S6 :SUOBIAIQQY

(LO'LT-6T°ST)

(97°57-8€°€7)

(T6°ST-85°+7)

€1'9C 'e 1861 091¢ (4% 74 LT0T 0L 91 8¢ ST'ST 67°1C 0T8T 009 RElslo)
(9L €-01°€) €F°€ 00°€ §9C %44 (1+'9-15°5) 96°S 00'S 1487 SoL L6T-651) 89 Y 00'¥ e 8TIT THN
09v-06'€) ST 9¢t 98°¢ ST19 L1-92°1) 0S'T (41 60'T 981 (IT°€-L9°7) 68°C ¥8'C €T 108 proIfyy,
(8€'S-9SV) L6'Y or'v 68°€ 129 (S0°L-11'9) 859 LL'S LLY €18 (L0'9-S¥'9)9L's 60°S Sey 14341 urerg
(89°T-0T7) 6£°C L8'T 99'T 79T (S6'6-€L'8) €6 €6'9 vL'S LL6 #19-8+°S) 18°S or'y 9L'E el Iappelg
(9L’ €T-0€°2T)
(00°0-00°0) 000 000 000 0 €0'€T vE6 €LL 9T€T (08°9-01°9) §+'9 L9V 66'¢ 9T€T 91e1801d
(0T°9-¥€°S) LL'S 9T’S 96y LTL (00°0-000) 00°0 000 000 0 (ST¢-1L0)€6'C 86°C 0zT'T LTL KreaQ
(98°1€-06'627) (1S°9T-6+'ST)
88°0¢ 0T'6¢ T8°'ST SITY (16:0-65°0) SL'0 790 750 88 0091 6'v1 SLet 90T¥ IsB3Ig
(0T'L-91°9) £9'9 18°S €r's 618 (IT0T-L6'8) ¥S°6 s TL9 440! (rv'8-0L'L) LO'8 96'9 S6'S €961 BIWAYNAT
(00°LT-0%'ST) (9L 11-28°01)
(0T'L-21°9) 19°9 9T'S 96t 8TL 0Z'91 8811 ¥8°6 SL91 6T'11 4% 6T'L €0vT dung
(6£'T-56'0) LT'T 60 780 0€T (LLY-S6'E) 9¢ 9T’€ 0LT 09t (L6'T-6V'T) ELT 60T 6LT 065 xukie]
(0€'T-9L 1) €0°C SS'T LE'T 81¢ (06'€-9T°¢) €S°¢ LS'T €1'C 79¢€ (00 ¢-zs ) 9LT 90'C 9L'1 08S searoued
(69'C-11'0) 0t'C L8'T S9'T €9C (86'7-2T') SS'¥ 8¢°¢ 08'C 9Ly (0L'€-0T°¢) St'€ 79T YT 6€L IOATT
(ID %S6) ASV ajex % N (1D %S6) SV djex % N (ID %S6) ASV Jjex % N So[qeLIRA
|LAELIETS) [erudn [e1oudn
drewdg eI S[ewd) pue dfewW Ylog

(ponunuo)) | TATIVL

50f 14



(senunuo))
(0S°L01-20°8-) (6T°911-69°01)  (€9°01-€C°T) (99'96-21'8T)  (68'8-8L'7)
YL 6y (€¥°01-69°0) 95°S 6'0/S €8 6v°€9 &) v'1/6 0L6TT 6€°LS €8°S ¥'T/vT €120¢ IOATT
(5£°98-15°0%) (SL95-18'07)  (95'S-88'7) 9€v9-€L'5€)  (0V'9-9T'h)
V€9 (1S°8-€L%) 79°9 T'L/Ly 10629 8L°8E w7y 0'6/8€ €8LYL ¥0°0S 8T'S 1°91/S8 ¥'89L€T wnjo10[0)
(6T°9%-16't) (99°9%-19'ST)  (CL'¥-S¥'D) (@8'17-96'91) (PP +-LST)
19°sT (L8 V-L9T) LT'E 67/91 g ceey €TIE 8S°¢ 9°01/8€ 9°0088 6£°6C 1s°¢ Y'ST/vS PPETET [orwolS
(97°2¢-+1°0) (90'6v-6€°€T) (88 4-8T°7) (P¥'og-TTel)  (86'€-81°7)
0291 19 e-vzDTr'e 9°9/91 0'208S €TIE 8S°¢ 1'8/6C 0°€699 X 4 80°€ 9¥1/St 0'S6v°CT sngeydosy
I90U®D ISITJ JO 9)1S Aq ‘SNJS Aue Jo ST
(99°L11-98°6L) (€9'821-65'98)  (€€°01-CTH'L) (I6'9TT-LL88)  (LE'6-S¥'L)
9L°86 (6T°6-5L9) 20°'8 T6T/PST L'8Y9€T 6S°LOT 88°S 0°91/2¢T TTIILTL ¥8°20T 1w's T5€/96C 6'65€ST 6T0Z-S10T
(FSTIS-¥L'0€) (S9€s-2s'1e)  (€5°5-08°€) (ov6v-€Tve)  (P¥'S-8T'F)
YU I (06'S-90°t) 86°F L'TT/ETT €1S61C 65TV L9V 0v2/TIT T¥99°0C 8TV 18°¥ 8°9t/STT 9°ST9‘TY ¥102-0102
(1¢°62-8%°91) (ST'6T-19'ST)  (LS€-0S'D) (8T°LT-96'LT) (09°¢-18°27)
0622 (00¥-18°7) 0¥°€ €LEILTT €LLT'6E 8€°TC vo°€ 8°0%/¥1 0'69T°LE 79°7C 1T €°8L/1ST ¥'9PE9L 600Z-002
pouiad 1epusre)
(EL¥S-SL'SE) (L8'19-8T' 1Y)  (2T'9-09'%) (LE'SS-8€°TY)  (80°9-88°%)
vy sy (s¥'9-89%) 95°S S°LT/EST STPLLT LS'TS s 8 TE/TLY LEST'LT LE'SY 8¥'S €65/ST¢E TST6'YS [einy
(£8°SP-6€£T¢€) (€9°¢v-SL80)  (h¥'+-8€°€) (59zr-82°C8)  (9€v-79°¢)
19°8€ (LS¥-55°€) 90V $'65/1¥C 0°9€0°LY 61°9¢ 16°€ L'T5/90T L'09€TH 9L 66°€ TCIT/Lvy 9°965£°68 ueqin
rale ooﬂoﬁwwum
(¥87€-€0°LT) (86'ST-58'6)  (T9'T-0€'T) (IT°L2-18°ST) (L 1-8%'1)
£6'VT (96'T-LS'T) 9L'T 8°081/6T¢ 9'8TH'SS T6°LT 9W'T €TTT/YTE 0°89L°9S 91T 09T TTOP/EY9  9°96TTIT SINpy
(IS°9v-5¥'97) (£8'95-95°67)  (0S°6T-€8°0T) 9TLy-€11€)  (98°C1-96'8)
8v'9¢ (r¥"01-¥5'9) 6¥°8 98/<L LT1S9LT 1Sy 9T'ST T°¢/Ly 8'8ST°0T 61°6€ 16'0T 0°'1T/021 S0T8°LT VAV
(€8'sv-L€S)  (T90v—-50°9) (98€€-009)  (0T'LE-08°L)
e e 1°0/T 1°L691 09°'St €€°€T €0/L 9'L19C €6'61 0S°2C ¥'0/6 LyTEYy URIP[IYD
dnoi3 a3y
(TLy-¥9°5€) (€e'8y-2T9¢)  (S6'v-S0°h) (96'sv-€9LE)  (06'V-ST'H)
SEIY (T1'S-0Tt) 99 9'¥8/+6¢€ VLLL'YL 8TV 0S¥ 0'¥8/8LE Y¥rS69 08°'I¥ LSV 8°89T/TLL  STTEVHI [e10L,
0 %S6) AV (ID %S6) UIS pajoadxd Ad (ID %S6) YAV I pa3oadxd Ad (ID %S6) YaV I paydadxd Ad SI[qerIeA
/PaAIISqO %S6) IIS  /PIAIdSQO %$6) AIS /PaAIdSqO
arewaq S[eIN d[ewWdy pue drewr ylog

‘UeI] ‘UBISI[OD UI (190UBD ULYS BWOUB[W-UOU SUIPN[IXI) sjudrjed I1o0ued Jo 110409 € ul (SNJS) swisejdoau Arewrid puodds jo (JAV pue YIS) SYSLI pue (pPajoadxs pue paaIasqo) sIOquInN |

"IOJUBD JO 9)IS pue ‘sisousderp Jo poriad ‘@oudpisal Jo aoeld ‘dnoid a8e £q ‘6107-+00¢

¢ dT14dVL

Cancer Medicine, 2025

6 of 14



(senunuo))
(6¥°9-28°7) (10°9-12°7) (28'5-66'7) (81'9-56'€)
S9°p (09°'L-L0V) €8°S TLITY VLLLVL Ty vy v'8/LE YPrs69  (IL'S-L0°E) 6€° 90°S 9'ST/6L $TCEPYT  WNIOAI0[0)
(Ly'9-L8'7) (87'L-067) (68 -€LT) (69°S-€L°€)
L9V (8L8-99'%) ZL'9 19/Tv VLLLYL 60°S 18°€ 9'C1/8% Pvse9  (LT9-SH°€)98°v Ly 6'81/68 8 TTEPHT yoewos
(55°€-29°0) (€8¥—¢€€£T) WL Y-vTT) (9T v-S'7)
11e (0S'v-68°'T) 6T°E TL/gT VLLLYL 80°¢ (&S 9'8/0¢ Pvs69  (0L°€-S+'1)8S°T sg'e 8°ST/€S 8 ITE VT sngeydosy
AEwmaooG PUOI3S JO )IS %L ,.@.C SIOATAINS I20UBD Ul SINS o_ﬁuwmm.wzm Jo sy
(L8'8L-€S°6%) (8T°65-59°0¢)  (6L'S-19°€) (TLs9-60'st)  (SS'9-T6'h)
0719 (06'L-L¥'S) 69°9 SLI/LTT T86¥ST 926° V¥ Ly L'ST/YL 6'S96CT ov'ss vL'S £ee/161 TYIY'8T Y0
(68'96-£9°02) (e9'6L-tTCT)  (E¥'L-S0°€) ($8'9L-56'0€) (I¥'L-08°€)
9L°'8S (I¥'6-60°€) ST'9 $'T/ST TYYIC 76°0S vT's Tv/Te L'S6bE 06°€S 19'S 99/L€ 66595 THN
(0€°LT-2€'T1-) (IeL11-¥1'7-)  (08°01-02°T) (0€'8¢-8L1-)  (00'%-1T°T)
66'L (60°€-v€0) TL'T S€/9 9°8TT¢ 8S°LS 00'9 0°T/9 £898 9Z°8T SS°T Ly/Tt 6°966€ proiky,
(£6'89-+1°0T) (F0'€€-€8'9—)  (9t°€-€L0) (€9°T¥-95°L) B¢ y-+8'D)
¥S'6€ (88'9-ST'7) TSV Te/bT 0°'LSLT 1€l 60°C £7/6 $'985¢€ 65T e ¥'L/€T 343 ureig
(PL+0T-86'1T) (T8¥L-0597)  (66'9-5S€°€) (L6'EL~VT'TE) FTL-6L7€)
9¢°8S (T1°01-8€°27) ST'9 9°1/01 €6erl 99°0S LT'S 0°9/1€ Lve6y 95°CS LY'S S'LITh 0vLEY Ispperg
(66'06-78°0%)  (¥€8-0S"t) OF' 16—+t 1) (€L°8-1LY)
— — — — 06'S9 w9 L9/t T°80SS Sv°99 L9 v'9/ct 7'80SS 9)eIs01g
(Tr"001-96'9¢) (61°00T-299¢)  (9€'6-0€)
69°89 (65°6-TF'¥) 00°L 0't/8¢ 0'v6b¢E — — — — 0v°'89 £8°9 1'+/8C 0'v6beE £reaQ
(TL'LE-89°8T) (ev'8e-6T°61)  (8T'v-¥L'T)
0282 (YT ¥-SLT) 0S°€E £vT/S8 v'LTSTT — — S0/t 8801 98°87 s L'ST/68 £9¢6°TC Jsearg
(IT°9%-28°0) (15'05-888)  (96'v—¥6'T) (95 Tr-S8°11)  (6¥'¥-8T'0)
LY'€T @8 v-+£'1)80°€ 6€/TT 9'ISHE 69°6T SpE 8°5/0T TT8LY 1TLT €€°¢ 9'6/T€ L'€EETS BIWAYNAT
(0€°SL-T6'ST) (€€£'19-1100)  (06'S-€8°0) (0¥'65-95's7)  (T6'S-1€°€)
19°sy (8¢°L-29°2) 00°S v'E/LT L'186C oy LEY T'L/1€E 86985 syzy 9" ¥'01/8% S 1588 Sung
(16'901-2Lv0)  (¥S6-97°€) (r8'€6-SS'€0)  (LL'8-€TE)
v e 9°0/T £¥0S 78°'S9 o9 ST/9T 1502 0L°8S 009 0°€/81 §°656T xukre]
(69°1vI-t6'01)  (I€°CTI-€T°7) (ST9T1-6€6T)  (Y¥'01-68°7)
e e Lo/ 6009 1€°9L LTL 11/8 Y06 LL'L9 L99 81/T1 1°50ST seaIoued
(10 %S6) AV (ID %S6) UIS pajoadxd Ad (ID %S6) YAV ((fe) payoadxa Ad (ID %S6) 4aV 1o paydadxd Ad SI[qerIeA
/P3AI_SqO %S6) 4IS  /PIAIISQO %S6) 9IS /PaAIdSqO
arewaq SleIN dJewdy pue drewr ylog
(ponunuod) | zATIVL

7 of 14



'S > SEM SINS JO JoqUINT PAAISSqO ) JT PAJRINO[I J0U dIoM YTV PUB YIS,
*O11BI QOUPIIUT PIZIPIEPUL]S YIS ‘JSII I s1edk-uosiad ‘x4 ‘ewoydwA] urSpoH-uou “THN 9[npe Sunok pue JUIISI[OPE “YAV :SYSII SS9IX IN[OSqR YAV [BAIIUT 9IUIPIFUOD %S6 1D %S6 :SUOTIRIAIQQY
"PIOQ UT POXTRWI 3T SYHVY PUE SYTS JULIFIUSIS 210N

(S£°21-96'9) @Cryi-1€8)  (I6'L-€T°S) (6£CT-t1'8) (SL9-%0°5)
99'6 (0v'9-0T°t) 0€°S 8°91/68 VLLLYL I LS9 0'¥1/26 Y ¥rS69 101 06'S L'0E/181 8 1ZEvYT e il0)
(€1°¢-€8°0) (Evv-Lv'T) (09'6-1T%) (€T6-16'%)
86'T OY1T-S0°Y) €L°L TT/LT VLLL'YL S6'C 989 SE/vT Yyrs69  (LEE-TIST) VT LO°L 8/t 8 1ZE VYT THN
($8'1-90°0-) (68 ¥=S¥'1)
060 (16'v-ST'T) €0°€E €°€/0T VLLL'YL e e 6'0/€ P¥ps69  (81°1-90°0) 29°0 LTS /€1 8 1ZEYYT proifyg,
(T0'T-¥0°0) (Ss'T-0v'0-)  (6€°€-19°0) (LL =€)
€0'T (0£°5-9¢°1) €€°€ €e/1T VLLLYL 85°0 00T 0v/8 Yrrs69  (IS'T-1T°0) I8°0 09°C €°L/61 8 T1TEvYT urerg
(S0°€-98°0) (LO€-¥¥°0) (€7°5-98°1) (26'9-01°€)
S6'T (€0°LT-€8°S) €V'TT ¥'1/91 VLLLYL SLT ¥S°'€ 8/LT YPrS69  (0L'T-660) ¥8'T 9T'S $'9/€€ 8 1ZEvYT 1epperg
(80°9-0¥'7) (se'L-€L€) (€T'L-79°€)
— — — — vy ¥S'S $9/9¢ Yrrs69  (T6'T-¥I'T) €0°C LE'S L9/9¢ 8 1ZEvYT 91eIs01g
(T0'S-96'T) (10°T1-12°S)
&3 (FY01-v6't) 69°L 6°€/0€ VLLLYL — — — — (19°2-£01) Z8'1T ITs L€/0€ 8 ITE b1 KreaQ
(ST6-LT'Y) (9t°0¢-¥Sb) (8+'+-98°7)
L9 (LO'Y-¥S'T) 0€°E 8°12/TL VLLLYL  (TL'T-8T0)S6°0 0S°LT v0/L Yyrs69  (S€°S-79°7)86°€E L9°E S1T/6L 8 1ZEYYT Jsearg
(SL'T-8¢°0) @S +-s€1) (€+°9-98°0) (Ly'S-€6'T)
95T (¥S's-06'T) TL’E €9/9T VLLLYL £6'C 9'¥ 9°5/9¢ ryrse9  (0T€-+T1)TTT 0Ty 0°0T/T¥ 81T vYT BIWAYNO]
(96'1-90°0-) (0T'+-68°0) Fev-¢6'D) (86'¢-+02)
S6°0 (6v'¥-ST'1) Z8°C 6°¢/T1 VLLLYL [S44 €T'E £'8/9C Prvse9  (L9T-9L°0) IL'T 10°€ €TI/LE 8 TTE Y1 Sun
(9%'7-€€°0) L1'8-LTT) (€S°L-LY'T)
e e L0/ YLLLYL 6€'T 7S €/t Pvs69  (I4'1-92°0) €870 00°S 0°€/ST 8 TTE Y1 xuhre]
OTUT-+T°0-) (8S'T-600—)  (LL9-10'T) (92°9-¥L'1)
150 (T8'L-15°0) LT'¥ /S VLLLYL SLO 68°€S 81/L Y'PrS69  (ST'T-0T°0)29°0 00V 0'€/Tt 8 1ZEvYT sealoued
(69'1-80°0) #T'1-6€0-)  (16°€-92°0) (87°5-95°1)
880 (L9°6-SL'T) IL'S v1/8 VLLLYL LEO 80°C v'T/s P¥rs69  (61°1-80°0) ¥9°0 we 8°¢/€1 8 1ZE VYT BENG |
(10 %S6) AV (ID %S6) UIS pajoadxd Ad (ID %S6) YAV ((fe) payoadxa Ad (ID %S6) 4aV 1o paydadxd Ad SI[qerIeA
/P3AI_SqO %S6) 4IS  /PIAIISQO %S6) 9IS /PaAIdSqO
arewaq SleIN dJewdy pue drewr ylog
(ponunuod) | zATIVL

Cancer Medicine, 2025

8 of 14



first primary cancer of ovary (SIR =6.83; 95% CI: 4.30-9.36) and
prostate (SIR =6.72; 95% CI: 4.71-8.73). When assessing the risk
of site-specific SPN (i.e., by the site of the second primary neo-
plasm) among the whole cohort, the highest SIRs were observed
for the SPNs of ovary (SIR=8.11; 95% CI: 5.21-11.01) and NHL
(SIR=7.07; 4.91-9.23) (Table 2).

Table 3 shows the risk of SPNs by site of first primary cancer
and site of SPN among AYA and adult population. Tables S1 and
S2 show similar findings by gender for AYA and adult popula-
tion, respectively. The highest SIRs of any SPN were found for
patients with first primary cancer of lung (SIR=16.67; 95% CI:
2.06-31.28) and ovary (SIR=2.61; 95% CI: 1.55-3.68) among
AYA and adult cancer patients, respectively. When assessing the
risk of site-specific SPN (i.e., by the site of the second primary
neoplasm) in AYA and adult population, the highest SIRs were
observed for the SPNs of NHL (SIR =23.33; 95% CI: 11.11-35.56)
and ovary (SIR=3.09; 95% CI: 1.88-4.30), respectively.

4 | Discussion

Our findings demonstrated a significantly elevated risk of devel-
oping a new neoplasm among cancer patients compared to the
general population with an SIR of 4.5 and an AER of 41.8 per
10,000 person-years. This higher risk of new primary neoplasm
was similarly indicated in different studies [12, 14, 25, 31]. In a
Canadian study, the SIR and AER among the children and youth
(0-19years) were calculated as 6.5 and 16.5 per 10,000 person-
years, respectively [26]. There are several explanations for the
greater risk of new primary neoplasm among cancer survivors,
including shared genetic susceptibilities, shared environmental
factors, side effects of cancer therapies (e.g., radiotherapy, che-
motherapy), and increased survival rate and life expectancy in
cancer patients [15, 24].

Different types of cancers may have similar genetic susceptibili-
ties. A 2023 study in the US reported that breast cancer patients
carrying three genes, BRCA1, BRCA2, and ERCC2, were up to
56% more likely to be diagnosed with SPNs [32]. Genetic variants
inherited can influence DNA damage repair mechanisms asso-
ciated with diverse cancer predisposition syndromes, raising the
risk of SPNs over time [33]. In addition to genetic factors, many
environmental factors (e.g., smoking) are common risk factors
for different types of cancers. Continued long-term exposure to
these risk factors in cancer survivors may result in a higher risk
of subsequent primary neoplasms [34]. Although cancer thera-
pies can improve prognosis in cancer patients, they may also lead
to adverse effects, such as the development of SPNs [35]. Recent
research suggested that radiation therapy could significantly el-
evate the likelihood of developing SPNs among patients with ini-
tial lung cancer, breast cancer, nasopharyngeal carcinoma, and
prostate cancer [35-38]. Previous studies reported that external
beam radiation therapy, as a common and efficacious treatment
for prostate cancer, was linked to a higher risk of developing
SPNs of the bladder, lung, and rectum [39-41]. In addition to
their adverse effects, cancer therapies could increase life expec-
tancy and survival, resulting in a higher chance of developing
new primary neoplasms among cancer survivors [12]. A study
from the US reported that the cumulative incidence of SPNs in-
creased from 7.2% at Syears to 17.2% after 20-year survival [42].

The observed significant risk of SPNs in the present study may
be explained by the above-mentioned factors. According to the
previous GPCR reports, cancers of the breast, stomach, colorec-
tum, prostate, lung, and esophagus were the most common ma-
lignancies in the Golestan population [5, 7, 16]. Different reports
from Golestan province suggested a very high incidence of upper
gastrointestinal cancers [6, 43, 44] and increasing trends in in-
cidence rates of different types of cancers in this high-risk area,
mainly due to an increase in exposure to risk factors during
recent decades [5, 7, 16, 44-46]. The results of the Golestan
Cohort Study suggested that Golestan residents were exposed
to cancer-related risk factors including drinking hot tea, indoor
air pollution, drinking unpiped water, opium consumption,
smoking, obesity, and agricultural pesticides, which may be re-
lated to different types of cancers [47, 48]. Additionally, similar
to other studies, cancer survival in the Golestan province has
been on the rise in recent years, primarily due to improvements
in healthcare access and therapeutic services [11, 49]. Further
investigations are recommended to clarify the factors related to
the high risk of SPNs among Golestan cancer patients.

Regarding the high risk of developing new neoplasms in cancer
patients, designing and implementing effective and efficient sur-
veillance programs for cancer survivors should be considered a
priority in healthcare systems [50-52], especially in high-risk
populations including Golestan province of Iran. As Golestan
province is one of the 31 provinces of Iran that makes up about
2% of Iran's total population, and regarding diverse lifestyle and
genetic characteristics across different provinces, similar stud-
ies are recommended to investigate the epidemiological features
of SPNs in other parts of Iran.

Our findings showed a higher risk of SPNs among rural resi-
dents compared to urban populations, which is likely attrib-
utable to the interplay of socioeconomic disparities, lifestyle
factors, environmental exposures, and healthcare access issues.
Limited access to healthcare resources and financial constraints
in rural areas may contribute to delayed diagnosis and treatment
of primary cancers, increasing the risk of SPN development [53].
Additionally, rural populations may be more exposed to spe-
cific risk factors (e.g., agricultural risk factors, etc.), which are
shared risk factors for different types of cancers, resulting in an
increase in the risk of SPNs [54, 55]. Further research is needed
to better understand the underlying factors and develop targeted
interventions to address this health disparity.

Our findings showed that patients with ovary (SIR=6.83) and
prostate (SIR=6.72) cancer have a greater chance of develop-
ing second primary cancer. Ovary cancer is ranked the eighth
most prevalent cancer among women worldwide. Although the
incidence rates have been declining in certain regions, such as
northern Europe and North America, some studies have shown
that individuals diagnosed with ovarian cancer may be at ele-
vated risk for the development of SPNs [56-58]. A retrospective
analysis of SEER data revealed a heightened incidence of SPNs
among gynecological cancer survivors, underscoring the neces-
sity for life-long surveillance [59]. Although current literature
lacks specific data on the risk of SPNs in ovarian cancer patients,
several factors may contribute to the increased risk of SPNs in
this population, including genetic predisposition, common en-
vironmental risk factors, and treatment-related effects [60, 61].
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| (Continued)

TABLE 3

Adults

Adolescent and young adults (AYA)

Observed/

Observed/

AER (95% CI)

SIR (95% CI)

expected

PY

AER (95% CI)

SIR (95% CI)

expected

PY

Variables

1.33 (—0.48-3.14)
1.51 (0.50-2.51)
1.47 (0.17-2.77)

1.23 (0.02-2.44)
—0.03 (-0.92-0.87)

1.32(0.99-1.66)

61/46.1
25/8.1

112,196.6
112,196.6
112,196.6
112,196.6
112,196.6
112,196.6
112,196.6
112,196.6

5.61 (2.43-8.79)
1.65 (0.02-3.29)

7.50 (4.04-10.96)

18/2.4

27,810.5

Breast

3.09 (1.88-4.30)

12.50 (1.54-23.46)

5/0.4
0/0.0
2/0.2
6/0.9
5/0.8
14/0.6

27,810.5

Ovary

1.85 (1.24-2.45)
1.80 (1.17-2.44)
0.98 (0.45-1.51)

36/19.5

0.0
27,810.5

Prostate
Bladder

31/17.2
13/13.3

1.83 (~0.02-3.69)
1.51 (-0.19-3.21)
4.82(2.13-7.51)

9.06 (5.15-12.97)

6.67 (1.33-12.00)

27,810.5

Brain

0.15 (=0.51-0.81)
1.26 (0.18-2.33)
7.31 (4.75-9.86)

1.27 (0.39-2.15)
2.18 (1.35-3.02)
2.24 (1.88-2.60)

8/6.3

6.25 (0.77-11.73)
23.33 (11.11-35.56)

27,810.5

Thyroid
NHL

26/11.9
148/66.0

27,810.5

27,810.5 28/2.8 10.00 (6.30-13.70)

Other
Note: Significant SIRs and AERs are marked in bold.

Abbreviations: 95% CI, 95% confidence interval; AER, absolute excess risks; NHL, non-Hodgkin lymphoma; PY, person-years at risk; SIR, standardized incidence ratio.

2SIR and AER were not calculated if the observed number of SNPs was < 5.

Recent advancements in ovarian cancer treatment have im-
proved patients' survival rates [62, 63], resulting in an increased
risk of SPNs in ovarian cancer patients [64].

Developing a second primary cancer in prostate cancer patients
can be accounted for by prostate cancer treatment effects, par-
ticularly radiotherapy, which increases the risk of a second
tumor among prostate cancer survivors. Despite advancements
in radiotherapy techniques, the adverse effects of prostate can-
cer therapies, including second primary cancer among long-term
survivors, remain a concern [65]. Additionally, genetic mutations
and family history have been identified as risk factors for SPNs
in prostate cancer cases [66, 67]. Prostate cancer is the second
most common cancer in men globally [68]. In the Golestan prov-
ince, Iran, prostate cancer incidence rates have risen from 8.4
per 100,000 in 2004 to 17.6 in 2016, with projections of reaching
25.0 in 2025 [7]. Given the high incidence and increasing trends
of prostate cancer and the high risk of developing SPN in prostate
cancer patients, appropriate surveillance programs should be de-
veloped for prostate cancer survivors in Golestan province.

Our findings demonstrated that SPNs of the ovary and NHL were
the most important second neoplasms among our cancer survi-
vors. The risk of ovary neoplasm is more than 8-fold higher among
cancer survivors than in the general population. Developing ovary
cancer as the second primary malignancy among cancer patients
can be related to a shared genetic mutation. In other words, some
cancer patients, for example, female breast cancer cases after
10years of breast cancer diagnosis, may carry a specific germline
mutation that is consistent with ovary cancer [12, 15]. Moreover,
the common risk factors between breast and ovary cancers, in-
cluding hormones and dietary factors, can affect the occurrence
of the SPN of ovary among cancer patients [14].

We also found a significantly higher risk of NHL among cancer
survivors when compared to the general population. Large tu-
mors and their treatment can weaken the immune system, mak-
ing it more susceptible to new cancers [69]. This increased risk is
particularly evident for NHL, especially after therapies targeting
the bone marrow, a common side effect in lymphohematopoietic
malignancies [70].

The main study limitation includes short-term follow-up, with
a median follow-up time of 3.4years, and consequently a small
number of SPN across sub-populations. The GPCR was a rela-
tively newly established cancer registry (started in 2004), and
this was the main reason for short-term follow-up in the pres-
ent study. By continuing the GPCR activity in the next years,
more comprehensive findings with long-term follow-up data
and a larger number of SPNs may be presented in future GPCR
reports.

In conclusion, our findings suggest that cancer patients are at
higher risk of getting a new primary cancer when compared
to the general population. Designing and implementing com-
prehensive surveillance programs for cancer survivors should
be considered in health policy-making, especially in high-risk
populations including the Golestan province of Iran. Cancer pa-
tients with a higher risk of SPNs, including those with ovary and
prostate cancers, should be considered a top priority. Further in-
vestigations are warranted to clarify the epidemiological aspects

11 of 14



and risk factors of SPNs, as well as to design the most effective
surveillance programs for cancer survivors.
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