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Abstract

Background: Cancer survivors are at risk of developing second and subsequent primary cancers, referred to as
multiple primary cancers (MPCs). It is not clear whether the risk of MPCs has increased over recent decades, but
increasing use of radiological imaging and potentially harmful effects of certain cancer treatments raise this
possibility. A systematic review was undertaken to assess whether there has been a temporal change in the risk of

developing MPCs.

Methods: A systematic search to identify population-based studies of MPCs was performed in Medline/PubMed
and Embase databases from inception to August 2016. Included studies were those reporting risk of MPCs for all
sites combined following a first cancer at any site or a specific site, using standard incidence ratios (SIRs) or

equivalent, and with analysis stratified by calendar years.

Results: We identified 28 articles eligible for inclusion, comprising 26 population-based studies and two
monographs. MPC incidence was reported in nearly 6.5 million cancer survivors. For all first cancer sites combined,
a higher rate of MPCs was reported in more recent than earlier calendar periods in four of the six relevant studies.
The SIRs ranged from 1.14 for a first cancer diagnosis in the early 1980s to 1.21-1.46 in the late 1990s in the USA
and Australia. Two studies from Italy and France showed no significant difference in SIRs across time periods 1978-
2010 and 1989-2004. The remaining 22 studies reported various temporal trends in the risk of developing MPCs
after a first cancer at a specific site, but most showed little change.

Conclusion: Overall, the risk of developing MPCs appears to have increased since the 1980s when considering
studies of all primary cancer sites combined from the USA and Australia but not from Europe. With the introduction
of more routine nuclear medical imaging over the last 15 years, more studies are needed to confirm recent trends

of MPC risk in adult cancer survivors.
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Background

Survival for most cancers has increased steadily over
the last three decades, mainly due to increased detec-
tion of early-stage cancers and advances in cancer
treatment [1, 2]. This has been a global phenomenon
and has led to a growing number of cancer survivors
worldwide [3, 4]. Increasing attention has been given
to the long-term outcomes of cancer survivors includ-
ing the risk of developing new primary cancers [5, 6].
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In a seminal report from the USA, up to 10 % of
cancer survivors were diagnosed with a second or
higher-order primary cancers during a 27-year period
1973 to 2000 [7]. A higher rate of new cancers was
observed among cancer survivors with a first cancer
diagnosed in more recent (between 1995 and 2000)
than in earlier time periods (1973-79).

Two or more primary cancers occurring in the same
individual that are neither extensions, recurrences nor
metastases of each other are defined as Multiple Primary
Cancers (MPCs) [8]. Factors associated with any change
in the risk of developing MPCs might include increased
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use of diagnostic imaging and adverse cancer treatment
effects. The past 30 years has seen a large increase in the
use of diagnostic imaging, particularly radiologic medi-
cine examinations such as diagnostic X-rays and com-
puted tomography (CT) scanning [9-11]. Medical
radiation exposure to the USA population has increased
approximately 600 % since the 1980s [12]. In addition,
cancer survivors tend to receive more frequent radio-
logic imaging than the general population due to follow-
up care after primary treatment [13—15]. The rising use
of various imaging modalities might be expected, there-
fore, to increase the possibility of incidental findings of
new cancers during a routine follow-up examination
and/or may increase the future risk of cancer due to the
radiation exposure [16].

Some MPCs may also be treatment-related [17, 18].
Patients treated with radiotherapy and some specific
chemotherapeutics can experience a number of signifi-
cant late effects. One of the most serious potential long-
term side effects is the development of MPCs [19-21].
The risk of developing MPCs is increased among survi-
vors treated with radiotherapy, alkylating agents, anthra-
cyclines and epipodophyllotoxins [3, 21-23]. A mutation
in a susceptibility gene may also promote two or more
cancers in an individual [22-24]. However, genetic risk
factors for MPCs would not be expected to change over
recent decades, unless they interact with other risk fac-
tors that demonstrate temporal trends.

In order to better understand temporal trends in the
risk of developing MPCs, we performed a systematic re-
view of the scientific literature to determine whether the
risk of MPCs has increased over recent decades.

Methods

Scope of the review

We conducted a systematic literature search to identify
studies describing adult cancer survivors with the diag-
nosis of MPCs. The review was focused on the following
question: has there been an increase in the risk of devel-
oping MPCs over time?

Search strategy and selection criteria

We used two approaches to conduct the systematic
search in two phases (Table 1). The original review was
conducted in PubMed and Embase databases for eligible
articles published prior to 1st March 2015. The update
was conducted to August 2016. The MeSH terms related
to “multiple primary cancers” and “second cancers” and
related subcategories were used in separate searches:
Neoplasms/Multiple Primary, Neoplasms/Second Primary
and epidemiology/prevention and control. A number of
key words (“multiple primary cancer* or malignanc* or

tumo®”, “population-based” and “time period* or interval*
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or calendar years”) were also used and combined in differ-
ent databases.

Following the Preferred Reporting items for Systematic
reviews and Meta-analyses (PRISMA) statement [25, 26],
eligibility criteria for included studies were as follows: (i)
Type of studies: published population-based studies and
reports published in English; (ii) Types of patients: adult
cancer survivors (=19 years) who were diagnosed with a
first primary cancer (index cancer); (iii) Types of out-
comes measures: adult cancer survivors (=19 years) who
developed a second or higher-order primary cancer (all
sites combined). Studies of cancer survivors who devel-
oped MPCs at a specific site and studies based on aut-
opsy cases were excluded because we were interested in
the overall MPC risk among adult cancer survivors.
Studies of MPCs in patients undergoing specific therap-
ies or by treatment periods were also excluded given we
were interested in all factors that affected the trends in
MPC risk rather than treatment effects only.

Data extraction and analysis

Titles and abstracts of identified articles were assessed
against the inclusion criteria by one author (YY). The
full text of potentially relevant studies and the reference
lists of included studies were read to identify further ori-
ginal articles. Two authors (YY and AV) developed an
extraction sheet to record first author’s name, publica-
tion year, source of data, the number of Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) criteria met, site of first primary cancer, study
period and follow-up, study size, study population (def-
inition and inclusion criteria), definition of MPCs, calen-
dar year of first cancer diagnosis, and the standardised
incidence ratios (SIRs) or relative risks (RRs) and 95 %
confidence intervals (95 % ClIs) for MPCs by time pe-
riods. Typically, SIRs were derived from the observed
number of MPCs divided by the expected number (O/
E), with the expected number calculated from age-, sex-
and calendar year- specific incidence rates in the general
population [7, 27]. Alternatively, RRs were calculated as
the risk of MPCs occurring in one time period compared
with a reference period [28].

The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) criteria were used to
assess the strengths, weaknesses, and generalizability of
included studies [29]. The STROBE statement was de-
veloped to help readers when critically appraising pub-
lished articles. Two authors (YY and AV) used a
modified checklist of items for cohort studies to assess
the number of criteria met in each study. We evaluated
the coding rules of MPCs (i.e. Surveillance, Epidemi-
ology, and End Results (SEER) [30] or International As-
sociation of Cancer Registries (IACR) and the
International Agency for Research on Cancer (IARC)
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Table 1 Search strategy for Medline and Embase (1 March 2015)

Approach 1
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Table 1 Search strategy for Medline and Embase (1 March 2015)
(Continued)

Search strategy using MeSH terms in Medline
No. Search

1 "Neoplasms, Multiple Primary/epidemiology’[Mesh] OR "Neoplasms,
Multiple Primary/prevention and control"[Mesh] OR "Neoplasms,
Second Primary/epidemiology"[Mesh] OR "Neoplasms, Second
Primary/prevention and control"[Mesh] AND "Time Factors"[Mesh]

N=657

2 Limits: adults
N =498

Search strategy using keywords in Medline

1 multiple primary cancer*[Title/Abstract]
N=576

2 multiple primary malignanc*[Title/Abstract]
N=208

3 multiple primary tumo*[Title/Abstract]
N=386

4 multiple primary carcinoma*[Title/Abstract]
N=130

5  second cancer*[Title/Abstract]
N=1.272

6  second malignanc*[Title/Abstract]
N=1,622

7 second tumo*(Title/Abstract]
N=0951

8  second carcinoma*[Title/Abstract]
N=82

9  #1 OR#2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8
N=4_801

10  time[Title/Abstract] OR period*[Title/Abstract] OR interval*[Title/
Abstract] OR calendar year*[Title/Abstract]

N=3401312
11 population[Title/Abstract]

N=936/431

12 risk[Title/Abstract]
N=1,328908

13 #9 AND #10 AND #11 AND #12
N=302

17 Limits: adult: 19+ years
N=236
Search strategy using keywords in Embase

1 Multiple AND primary AND (‘cancer’/exp OR cancer) OR multiple
AND primary AND malignanc* OR multiple AND primary AND
tumor* OR multiple AND primary AND carcinoma* OR second AND
(‘cancer’/exp OR cancer) OR second AND malignanc* OR second
AND tumor* OR second carcinoma*

N=236,978

2 Time AND period* OR time AND interval* OR calendar AND year*

N=691,550

2 #1 AND #2 AND population AND risk AND [embase]/lim
N =457

Approach 2

Search strategy using MeSH terms in Medline
No. Search

1 "Neoplasms, Multiple Primary"[Mesh] OR "Neoplasms, Multiple
Primary"[Mesh] OR "Neoplasms, Second Primary"[Mesh] OR
"Neoplasms, Second Primary"[Mesh] AND "Risk Assessment'[Mesh]

N=613
2 Limits: adults

N =455
Search strategy using keywords in Medline
1 multiple primary cancer*[Title/Abstract]
multiple primary malignanc*(Title/Abstract]
multiple primary tumo*[Title/Abstract]
multiple primary carcinoma*[Title/Abstract]
multiple cancer*[Title/Abstract]
multiple malignanc*(Title/Abstract]
multiple tumo*[Title/Abstract]

multiple carcinoma*[Title/Abstract]

O 0 N O 1~ W N

second primary cancer*[Title/Abstract]

o

second primary malignanc*[Title/Abstract]

second primary tumo*[Title/Abstract]

N

second primary carcinoma*[Title/Abstract]

w

second primary cancer*[Title/Abstract]

=

second primary malignanc*[Title/Abstract]

w

second primary tumo*[Title/Abstract]

[e)}

second primary carcinoma*[Title/Abstract]

#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR
#11 OR#12 OR #13 OR #14 OR #15 OR #16

N=12:841
18  time OR period* OR year*
N = 5,764,460

~

19  population-based|[Title/Abstract]
20 risk[Title/Abstract]
21 #17 AND #18 AND #19 AND #20
N=232
17 Limits: adult: 19+ years
N=186

(IARC/IACR) [8] coding rules for MPCs) applied in each
study as the diagnostic criteria in the STROBE checklist
(Additional file 1).
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Results

Literature search

The defined search criteria identified 1832 relevant articles
and four were added through manual review of references.
Of the 225 articles assessed as eligible for full-text review,
23 articles met the inclusion criteria and were included in
the narrative synthesis. After combining five eligible arti-
cles in the updated search, 28 studies were included in the
final analysis comprising 26 population-based studies and
two monographs (Fig. 1).

Study characteristics

All 28 included studies were population-based, published
between 1987 and 2015, presenting data from Europe,
North America, Australia and Japan (Table 2). 26 were
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peer-reviewed publications, reporting on more than 2.8
million survivors of adult cancer over the period of 1943
to 2012 [31-56], with 178,091 MPCs identified. Four of
them reported the risk of developing MPCs following
first cancer with all sites combined [45, 46, 48, 52].
Others focused on the risk of MPCs following first can-
cer at a specific site. The remaining were two mono-
graphs from the USA and Italy. One was a SEER
monograph that used data from nine cancer registries in
the USA, reported on more than 2 million cancer survi-
vors during the follow-up period from 1973 to 2000, and
a total of 185,407 MPCs were observed [7]. The other
was a monograph of the Italian Association of Cancer
Registries (AIRTUM), using data from 38 general and
five specialised cancer registries in Italy, that reported

Records identified through
database searching (n = 1832)

Additional records identified
through manual review (n = 4)

A 4

Records screened after duplicates removed (n = 1567)

Records excluded by title and abstract (n = 1342)
Case reports: 57

Trrelevant: 532 (No data on MPC or MPC after
non-neoplastic disease)

Non-English language: 74

MPC clinicopathologic or genetic features: 51
MPC definition: 4

MPC after carcinoid primary cancer: 4

MPC in specific area or population: 9

MPC in childhood cancer survivors: 95

MPC surveillance and prevalence: 19

MPC survival and treatment: 78

Narrative reviews: 17

Second cancer at a specific site: 272

MPC after specific treatment: 130

v

Full-text articles assessed for eligibility (n = 225)

Full-text articles excluded (n = 202)

MPC analysis based on autopsy: 3

Not SIR or equivalent reported: 53

| SIR or equivalent reported, not by calendar years:
135

SIR by treatment subgroups or age subgroups, not
by the whole population: 6

Treatment-related MPC: 5

A

Studies included in qualitative synthesis (n = 23)

—®| Eligible articles in updated search (n = 5)

v

Studies included in final qualitative synthesis (n = 28)

Fig. 1 Flow diagram of study selection
.




Page 5 of 17

Ye et al. BMC Cancer (2016) 16:849

05L-L¥1) 100
'l /661
(¥ 1-Lel) %61
9e'L -C661 (19oued Arewnd 351y ‘sisoubelp
QZ1-/1') 1661 3U1 JO SyIUoW 7 ulyim pasoubelp 1541} JO SWIL 9Y1 1B USPIO IO SIedk G| 9002 el[elisny
77 %61 950U1) S19oued Aewind SNOUOIYDUAS 01 BUIdLISaL ‘SYIUOW 7 JO Winwiuiu 01dn ‘Asibay Jsdued)
pPapN|oX3 1S APOg awies ayi 1e © 10} PRAIAINS OYM [ 007 pue pPaMmoj|04 puesuaanD
(0z'1-80'1) 9861  JeueD JO sIseD Jejiuls A|[eDIBojoIslY 7861 Usamiaq Jodued saiseAul Alewnd 100¢ [9v] (1102)
Ll (861 papnpul is3jnJ BuIpod DdIN 1sJij e yum pasoubelp syusied Iy 08S'€C 796%0C -(861 s Auy 0£/9¢  '[2 19 Yd USP|NOA
(L€1-0€1) 00¢
yEL -000¢
. £00¢ oduel4
b€t m@mm.ﬁw mmmw ‘SJadued 01dn ‘satnsibal Jadued
upjs euoueaul-uou bulpnpxe ‘y00z pPaMO||04 paseq-uole|ndod
(ev'1-9¢1) 7661 pue 6861 U9aM13q pasoubelp Jdued ¥00¢ Yyousi4 0l [8Y]
6¢'L 6861 S9INI YOVI/DYYI S9Nt BuIpod D4 151 e yum bunussaid syusned Iy 9z7'Le 196'68¢C -6861 s Auy 0£/87  (#107) '[e 33 [ nB3r
(cl'1-601) 0L0¢
oLl -8661 'salsIBal JdURD e
. -usab 3yl Ul 0107 PUR 9/6| U22M1SQ Ky ‘saiisibay
orl R%Qﬁw mmmw pasoubelp JaoUBD UPS BLOUR[SW-UOU 130UR) JOo
1dadxa ‘sased Jadued |je buipiebal UOI1BID0SSY Uel[RY|
(LI1-601) /861 (€10T 19qwi=d3( 1) 9seqeled WNLYIY 010¢ [£6] (€107) dnoio
oLt -8/61 S9INI YOVI/DYYI S9Nt BuIpod Dd 9y woyy elep sasn ydesbouow siyl  66€'G8  090'GEY'L -9/61 aus Auy 0€//T  BuBHOM WNLHIY
000¢
1l 5661
7661
Ll -0661
6861
Ll -G861 'sieak /¢
6L 01 dn BUIPUSIXS 9DUSLNDI0 JaduUed
. 0861 1uaNbasgns 104 dn-mojjo) Yim ‘0007
01 €/61 Woy sauisiBal Y335 6 Y} SN
6461 01 pauiodal syusiied Jadoued uoljjiu ¢ uoljjiw ¢ 000¢ 4335 [£] (9000)
4N /61 Y336 :s9|n4 Buipod DN Aueau sepnpur uonendod Apnis 8yl /0%'S8L  Ueyl 210N -€/61 aus Auy  0€//C 039 39 snD
211s Auy
sisoubelp dn (eLSID
J9oued -MOJ|04 |e101
(ID%s6)  (1D%S6) onel sl N SDdIN pouad JAERY) ‘L1sy|
Ssu 2douUspPUl  Jo Jeak e1I1LID UoISNUl Yyum Apnis sisoubelp  eudd ‘Jeak uonedland
SABISY  PaSIPIEPURIS  JBPUSIED)  BLISIID UOISN|DUL [SOJIA JO uoiiuyag pue uoniuyap :uonendod Apnig  syusned N ‘siusied ubisog  Jodued Isi4  39OHLS ‘Joyine 3sii4

9IS diydads e Jo aus Aue Je Jadued Arewud 151l e BuIMO||0) SO T @lgeLl



Page 6 of 17

Ye et al. BMC Cancer (2016) 16:849

(151-zi't)
0¢'L
©g1-10'1)
L]
69 1-1¥'1)
551
(9/'1-05'1)
ol
(8¥'C-G5'1)
161
(clzzel)
891

Ob'e-S¥0)
68¢
(8€°€-L¥'T)
68¢
(06'1-€€'1)
651
[CRlVEIETE))
00°L

SYIS JO oney
(CINEAR)]
vl
(€1'1-80L)
Lt
(FL'1-80'L)
LUt
(E1'1-50'L)
601

100¢
-0661

6861
-€/61

9861
7861

€861
-8/61

LL61
L6l

Lz6l
-99%1

le61l
-0861

6/61
-0/61

6961
-0961

6561
-€561

‘sisoubelp
191J€ SYUOW 7 1Se3| 1B 10J PIAIAINS
4335 S9|nJ BUIPOd DN oym siuaiied ejuusedna| (|92 Alley ||y

1
12e Jeak suo uey) ssa| pasoubelp
$190UBD PuUOdas BulpnPX]

(0%0C °p02-£-dD) elWISR]NS|
‘paynads 10U s3It BUIPOd DN dRKdoydWA| J1UoIYD Yum swuaiied ||y

G661

'L € J9qwiadag pue ‘0/61 ‘| Aenuer
U9MIq Bulsle (sieak g| < sisoubelp
1e abe ‘|50z 2pod £-aD) sisoubelp

‘PaKIdads 10U $s9|NI BUIPOD DN Arewiud e se D JO $ased 1npe ||y

(Inowiny |ejuesdeliul ublusqg
puE J90Ued dAISPAUL) Jadued Aewud
1S11) B YUm pasoubelp Ajjeniul aiam

S9INJ YOVI/DHV| :S9|nd BUIpod DdIN oym 6/-0 pabe sased pauodal ||y

'suebio Aleunn
2y} Jo ewojjided pue xIAJ9D auuLIN
9U1 JO NS Ul BWOUIDIED ‘UBS 3Y1 JO

SewIouDIed |[93-|eseq Bulpnpxa | /561
‘OHM (£-ADI) S9sessIg Jo uonedyisse|d
[RUOIIRUIRIU| YL Ul 807—0F | S9POD
2)s Aewd] swisejdoau ueubijew
YUM 1661 01 €661 WO} pue|ul

S3IN1 YDVI/D4Y] S9N BUIPOd DdW uy pasalsiBal siusned pp0'0Ly IV

¢00¢
85¢ volE /61

€00¢
SoL'L €LeTL -Ev6l

£00¢

o1 dn

pamoaj|o4

S661

Syl €61'C -0/61

6861

0y dn

pamoj|o4

9861

o'y L0€'/1C -9961

L1661
00861 000'0L¥ -€S61

SN

eluIoRYNI) '¥33S [ov] (£002)
190 AileH  0€/9¢ e 19 | epesiH
}lewusq

CIEENEY 1915163y JadUR)
SnAd0ydwiA| ysiueq [9€] (£000)

ouoIyd  0g/be e IR D ydoNliyds

uspamg ‘Aisibay

e|lwaeyN3| 192UeD) YSIpams
plojoAw [s€1 (0100)
Jolyy - og/ee e 1o d elogey

eWOJRAW pue ewoydulA| ‘eluuaeyna)

9IS dy1dadg

ueder
‘Asibay Jsoued)
eXesQ [S] (F661)

aus Auy  0g/8L e 39 H ewmyns)

puejul
‘Asibay Jsoued)
ysiuul4 [zs] (s661)

aus Auy  0g/ee 113 Y eppjues

(panuiuo)) dus diydads e Jo aus Aue Je Jadued Alewud 151l e BuIMmOl|0) SO T @lgeLl



Page 7 of 17

Ye et al. BMC Cancer (2016) 16:849

(#2'1-801)

LE1

(7€'1-98°0)

L0L

(E2EIETEY))

00'L

SYIS JO oney
ERlfeIETEN|
(€80
-€£°0)
110
(€80
-2L0)
/L0
(LL0
-99°0)
L0
(A}
-650)
590

9l

Tl

(85°1-790)

o

(59'1-¢90)

YO'L

(#8'1-9€0)

680

(LSC-LT0)

00'L

00C
-000¢

6661
-5661

7661
-6861

90-000¢

6675661

76-0661

68-G861

¥8-0861

0861
-0/61

6961
-1961

6661
€661

661
-8861

/861
-€861

861
-8/61

“THN

Jo sisoubelp 1511y 3Y1 Jae (skep 192)
SYIUOW oM} Isea| 18 bulindd0
J9oued Arewd uanbasgns

1511} SU3 Se pPaulap Sem Jadued)
Alwlg puodas v :sajni Buipod JdN

paldads 10U :S9|NJ BUIPOD DN

"J9AO JO Gg 9be e

HUIIND20 SINOWNY PUODSS PaPN|OX]
JaoUed

snoinaid ay1 woly 1dunsip ‘Aewnd
MaU B S| 11 1ey) sa1e1s Apdijdxe
1odal Abojoyied 1o piodai |eudsoy
QY3 JI AlUO pa1a1siBal oq ||Im 151y 9y
se ABojo1SIYy aules syl Yum g aus
1UJ3YIP B 1B JO 1Sl 91 SB 1S Sudes
941 1B SI9dUBD PUOIS ISl YL

wiouj 1ounsip a1e Abojoisiy ay1 pue
9IS 2Y) Se PaUleP J9DURD PUOIS

"pay1dads 10U $3NJ BUIPOD DN

"PIPNPX M (dn-moj|04 JO

sAep 19>) 19dUed puoI3S SNOUOIYDUAS
e padojaAsp oym syusiied

'sal1s1bal J9oued pasequoneindod
youai4 Q| Aq papiodal #007 pue

6861 U3aM13Q pasoubelp sased Jadued
SIPN|PUL YDIYM ‘LOYOD ddUeI 7

31 Wou) paroelixe sem syusied THN

‘euioydwA| uBpoH-uou JO sased
PRWLLUOD A|[e2160]03SIY |[B ISOW |y

"2I0W 10 sieak 68 abe 1e Jo (dn-moj|oy
ou) Yiesp 1e palalsibal usaq pey
JNOWN} Xapul JIoya J1 1o Inowiny xapul
93 Se SWi SWeS 3y} 1B JO 21049]
12Ya pasaisibal Jnowny Jayoue

pey pey Asui i syusiied papniax3
‘08-1961 pouad ay1 buunp Ansibay
192URD) SaUley] YINoS ayl Ul 95easip
S,upbpoH yum paJaisibal syuaned ||y

‘9661 Jlaquuadag pue
1861 Alenuer usamiaq TDH 4o Ansibay
uel[el| 3y} Ul papIodal 219M Siudfed

£00¢

o1 dn

PaMo||04

700¢

08§ ovS'L -6861
ysipems
8€8'GC
uelbamIoN
12071

‘ysiuui4 900¢

G189 9¢0'LT -0861

1861

oy dn

psmajjo4

0861

85 046'C -1961

6661

(94 56 -8/61

9dUPI4 ‘SaL}

-s163J 19oued paseq
-uone|ndod youal4
0l [#S] (5102)

‘e 19 D 1550y

ewoydwiA|

UNBPOH-UOU  0£/ST

USpamg pue
KemlIoN ‘puejulq
JO SaLisIBal J9oueD)

€] (#102) e 19
[ ofowlag ozuaio7

ewoydwi|

upbpoH-uou  0g/7¢

NN ‘Ansibay

J90UeD) (Sawey |

MOU) sawey |

Yinos [ze] (£861)

0€/8C ‘| 13 UeWRIOD 'd'IN

oSeasIp
5,u{BpoH

Ayl ‘dnoio
aAneladoo)

uelel| 3y Jo
Aisibal spimuolieu
3y [1§] (2000)
‘€39 W Oolop=4

EIVELNE]

IIo> AileH  0€/¢T

(panuiuo)) dus diydads e Jo aus Aue Je Jadued Alewud 151l e BuIMmOl|0) SO T @lgeLl



Page 8 of 17

Ye et al. BMC Cancer (2016) 16:849

L

F91-811)
!
(85°1-91'L)
LE]

0l

apn|pul 10U
S90P [eAISIUI
2OUBPRUOD
601

Hl1

CTlvl'l)
81l
QT 1-07'1)
€Tl
(sT1-0T'l)
!
(SE'1-0€1)
el

(90'1-88°0)
90
(€0'1-060)
560
(€L'1-56'0)
YOl

086l
-0/61

6961
-1961

£00¢
-9661

G661
-G861

0861<
0861>

+1661

0661
861

€861
-S/6l

SL61>

800¢
-000¢

6661
-5861

7861
-€/61

"J9AO 10 Gg abe e

BuLIN0 sINoWN] PUodas PapN|PX3
“Ja0ued

snolaaid sy woly 1dunsip ‘Aewnd
MU B S| 1l 1yl sa1els Apdijdxe
1odals Abojoyied 1o plodal |eudsoy
91 JI Ajuo pasaisibal oq 1M 1811y oY1
se ABOJOISIY SWes 3yl YIM INg s
JUSJSHIP B 1B O 151l 93 Se 2US dwes
3U1 1€ SI90UBD PUODRS ISIl) 3Y)

w0} 10unsip a1e Abojoisly ayi pue
9IS U1 Se Paulysp Jadued puodas

Jnowiny 9|buls e se palapisuod
Y2IYM J2DUBD 15831q [BJ91e[esIu0d
1dadxa s19oued Aewnd puodss |1y

DYVI/4DVI 1520t BuIpod Ddw

sisoubelp Jaoued 1seaiq

191Je JeaA | 15e3| 1e padojersp
16y} (190ued Jseaiq 1dadxa) sapueu
-Bijew |ed1bojorewary-uou Arewnd
1uaNbasgns :sajnu BuIPod DN

J92UBD UIYS PUIOUBDW

-uou |[e papnppul ‘ewoyjided
POPN|UI J92UED JSPPe|g ‘SiNowiny
1ueUBIEW PapN|DUl AJUO W1SAS
SNOAISU PUE UleIq JadUeD 15e31]
|PJ1B[RIIUOD 1d9DXd SI9DURD PUOIS

YDVI/D8V $3In1 BUIPOd JdiAl

INW Jo sisoubelp
J19)Je SYIUOW OMY 1511 83U} UIYIM
$190UBD 1d2X2 SI2dURD PUOD3S ||y

4335 :S9|nJ BUIPOd D\

"2J0W JO SIeaA 68 abe 1e Jo (dn-moj|oy
ou) Y1eap 1e paiaisibal ussq pey
Jnown1 Xapul JIsy3 JI 40 'Inouwin} xapul
3U) SB aWi} SWes 2y} 1e IO 21043q
19U palasibal Jnowiny Jayloue

pey pey Ayl 4 s3usied papnpx3
‘08-1961 pouad ay) buunp Ansibay
J192URD) Sawey| YInos ayl Ul Alero ayi
JO 19dued Yum passisibal syuaned ||y

's19oued Alewid 151l SNOUOIYDUAS
pue A|SNOSURLNWIS PIPIOI3I

9J9M Y1eap pue sisoubelp Jaoued
Arewud 151y asoym syusned spnpx3

(05D) €-0-aDl
9p0d 21IS AQ PRJIUSPI 2IIM SISED ||/

ek | 1583|318 PAAIAINS OYM 00T
‘L€ J1aquiada pue £p61 ‘| Alenuer
U22M13q 15e3Iq 2y} 4O Jdued Atewd
1511} € YIM pasoubelp UsWom ||y

‘(sisoubelp

JO S91eP BUES) A|SNOSUEYNWIS
papIoda s19dued Arewnd

1541}  PRY OYM JO SUll) SWies ay)

18 PapIOdal 2Iem U1eap pue sisoubelp
J90ued Arewud 151l Y1 Woym 1oy
suaned 1dadxe (/1 S 6-@DI) Jadued
15e2.1q Alewd 1511 B YlIM USWOM ||y

(G9¢ = u) sisoubep WA JO syiuow ¢
1541} BYI UIyum pasoubelp Jad

-UBD PUODIS YIIM S35 PUB (SHGE = U)
Asewdud 15114 941 10U SeM NN I9YM
sased ‘(G// = U) AJuo-21ed11193-1eap
10 Asdoine se papod a1om $2IN0S
Buliodal asoym sased papniaxj
/6D PUe 2€/6D 1e-0-ADI

9pOD IS AQ PAYIIUSP! SI9M SISED ||

1861

01dn

pPaMmol|o4

0861

0/1 08’1 L -1961

£00¢
le £68S 5861

¢00¢
8Sl'eT GC89L€ “evol

000¢
66€'LE £25'5¢S “Ev6l

800¢
Lcoc L6t'9¢ RYA

SN ‘Ansibay

J19dU8) (SaWiey |

MOU) sauiey |

J130URD yinos [ze] (£861)
ueleAQ 0€/8C '|e 12 UBWSI0D ‘d'IN

uleds ‘Ansibay
J13oUeD) BpRURID
[8€] (€107) e 39

19DURD 1SBAlg  0E/9C  J SSIUOWN-BUIOWN

uspamg
pue AemioN
‘PuBUI4 SPWUSQ
ul salnsibal Jadued
paseg-uole|ndod
[L€] (£002)

Jooued 1sealg 0¢//¢C ‘e 1o N7 umolg

aJjodebuls

pue epeued)
‘eljessny ‘adoing
sauasibal Jsdued
paseq-uole|ndod
€1 [£€] (9000) e

J9oURD ISeRlg 0S/97 19 ] JoRBWD||Is N

19duUed URLIRAO pue 1sesig

SN
PWORAW 4335 [ev] (€100)
SN 0£/8¢C 1819 d 1nezey

(panuiuo)) dus diydads e Jo aus Aue Je Jadued Alewud 151l e BuIMmOl|0) SO T @lgeLl



Page 9 of 17

Ye et al. BMC Cancer (2016) 16:849

SYIS JO oney
950

Kol

80
(80-90) L0
(80-90) £0
/0

90
(co'1-87'l)
S¥l

BT 1¥L'l)
!
(80'L-£60)
€0'L
(L0'1-£6'0)
'l
(£1'1-96'0)
90'L
(S1'L-€0'l)
60'L
(€1'1-86'0)
So'L
(£0°1-06'0)
86'0

£00¢
-000¢

6661
-6861

8861
-€/61

7661
-5861

7861
V61

L1oc
-100¢

000¢
-€661

800¢
-¥00C

€00¢
7661

€661
7861

€861
-€/61

0Loc
-800¢

£00¢
-€00¢

¢00¢
-8661

1661
€661

2I9M 13y papNnpuUl DDSNH
'900¢ 'L € Jaqwisda( [13UN 10 s1eak 0|

S9N YOVI/DYY| S9Nt Bulpod DN 10} dn-pamo||o} aiam syusned ||y

(£00z-€£61) 799 Welboid

4335 BIA PalAUSP! 31am eulolbuluSW

Jueubijew Jo sisoubelp ayy

Y335 'S9jnu BUIPOd DN M Sseqeiep Y33S aul Ul siusied |y

9ze'l

9s

6C€E'L

€09'L

snouwlenbs
900¢ Jo9u
-G/61 pue pesH

/00 ewolbujusw
-€/61 1ueubijepy

pasequolie|ndod
uiyy-seg [09]
0€/8C  (€£107) "2 38 [ nb3r

‘SN YF3ES (66l
0€/9¢  (¥107) ‘e 12 X oeg

(S13S1 "Iappe|q '192UeD [B3DI0[0D |20 [SHISW ‘BUIOURDW Je|ND0 ‘[eabeydosao Hpau pue peay ‘euwiolbuiuaw Jueubiew) sauis JYi0

‘% £'68 10} 9|qe|lene
uoneWIUOD J160J0ISIY YUM $66] pue
¥/61 US9MIDQ pala1siBal ewoudied

paynads 10U s3)nJ BUIPOD DN 21e3s01d pasoubelp 1sil JO sasED

"3|qe|IPAR SEA UOIBLLIOJUI
91ED1J11J9 Y1eap AJUO WOYM JO}
syuaned pue “Jodued Aewd Jayloue
JO sisoubelp ay) Jaye Jadued a1e1sold
1uaNbasgns yim syusped ‘sisoubelp
J90Ued 9183504d 1541} JIBY3 JO SYIUOW
OM] UIYIM DS B Yum pajuasaid
oym spuaned papnpPx3 ‘L L0T

puUB €66 U9aMIaQ Jaoued a1e1sold

paynads 10U s3|nJ BUIPOD DN 1541 B Yim pasoubelp siuslied

190Ued PIoJIAYL [eIUL J9R SYIUOW
OM] 1SJ1J DY UIYIM S190ued 1dadxa aseqeiep
S190UBD PuOoISS || 6 433S e 01 pawuodal ‘6£/D €-0-ADI

433S :s9|nJ BUIPOD DI SPOD BUS AQ PalIUSPI UM SI5BD ||

800¢-€/61 UsSoMioqg

"PIPN|IXD UM (879 = U)

dn-moj|0} JO SYIUOW 7 1SIj Y} UIYIM

Adueubijew puodas e padojsAap

OyMm SIU3Ned ‘0107 J2quisdsQ

ybnoiyy €661

‘payIads 10U :s9|NI BUIPOD DI\ Alenuer ul bullels ¢'¢/D 9pod SpIoday

08¢

8/5'C

LSYY

S68'C

€05y

8L£'SS

€01'cs

vr8'8/L1

7661 ewoulDJed
/61 91e15014
10T JaoUed
€661 91e15014
8002 JER]V]:5]
-€/61 ploIAyL
0102 J90Ued
€661 ploiAy L

PUBJISZIMS

‘Asibay

135UBD) [21BYONaN

pue pnep [g€]

0€/9C  (6661) 1212 4 197

2210y ‘AIisiBay

195URD) [BIIUSD

uealoyf [55] (SL0T)

0€/2C ‘e 38 Al Bunor

Jooued 21e1soUd

‘SN YAS el
0€/¥C  (€10C) 19 D Wiy

2210y ‘Alisibay

190UED) [RIIUD)D

uea10y [6] (5102)

0€/5¢ 139 AA OUYD

190Ued pIoJIAY |

(panuiuo)) dus diydads e Jo aus Aue Je Jadued Alewud 151l e BuIMmOl|0) SO T @lgeLl



Page 10 of 17

Ye et al. BMC Cancer (2016) 16:849

9l

00'L

80'L

(9//1-50'1)
LE]
(0t'1-€80)
601
(co'1-801)
[y
(65 1-0C'L)
651
(S£'1-80°1)
4!
(6T°1-90'1)
L]
(8€°1-81'L)
8Tl
(85'1-671)
&l
(80'1-£9°0)
S80
(S€'1-06'0)
oLl
(15'1-€0L)
STl
(SS'1-901)
671
(0t'1-56'0)
SI'L
(E2EIETEY))
00'L

cloc
-¢00¢

100¢
-C661

w1y

cloc
-¢00¢

100¢
-C661

uojod

00¢
5661

7661
-9861

+1661

0661
7861

€861
-S/61

G/61>

£00¢
-0661

6861
-€/61

900¢
-000¢

6661
5661

7661
-0661

6861
6861

7861
-0861

6/61
-S/61

4335 :S9|nJ BuIpod DI

DO

AKrewd Buimo|jo) DD Alepuodas
PapNPX3 DD 4o sisoubelp

e Ja)ye yiuow | 1sea| e padojaasp
1ey) swsejdosu Arewlid aAIseAul
2Iom s1edued Alewnd jusnbesgng

Y336 :s9|n4 BuIPod DN

S9INJ YDVI/DHYI S9Nt Buipod DA

SI9DUBD US PUIOUR[SW-UOU
1dodxa s1eoued Aewiud puodss |1y

4335 s9In1 BUIPOd D

‘PapNPX
0s|e alam sisoubelp Alewnd ayy Jaye
pouad syuow xis bunp pasoubelp
SINGS NS Ul Jo abeis bulsg

(€ "AJuo 232D Asdoine o yieap
uo Ajuo pawodas (z ‘9be umousiun
yum pasoubelp (| :syusned papn|ox3
's1eak Oz ueyy alow Jo abe ayy 1e

pasoubelp
2J9M Oym suaied DYD SAISeAU|

(¢007-9861) Welb

-0id Y33S JO sa1sIbas dURD paseq
-uonendod || JO | Ul DD SNO3UEIND
Arewnd 1511 e yum syuaned ||y

2)sans Aq buikjinens
1NOYUM BUIOUBISW IB|NDO JO S358D ||

‘sisoubelp
J2)Je SYIUOW ¢ 15e3| 18 10) PIAIAINS
oym syuaned 1oued [eabeydosso ||y

(48]

'€1D-71D ‘01D-60D ‘90D~ 10D $9pOd
3S £-O-D|) Xukle| pue xukieydodAy
‘xuk1eydolo ‘A1AeD [elo ayi 1e pazied
-0| (8£08 '9/08-0/08 s3p0d ABojoisly
€-0-@Dl) sewouldIed ||gdsnowenbs

les'ze

44!

6C0'L

586

¥85'0v¢C

90¢€'L

96£01

15S'vC

cloc
-C661

¢00¢
-9861

000¢
~Ev6l

£00¢
“€L61

J20URD
|e32210]0D

ewlouldied
IE2REXIEIN

euloue|aw
18|20

J90U8d
|esbeydoss

sewiouinied
|92

0g/¢ec

0e/9¢

0€/5¢

0€/5¢

SN
'¥33S [€5] (S10T)
‘e 19 X ueno

SN
'¥33S [Lv] (9007)
{ERER R

alodebulg

pue epeued)
‘ellesisny ‘adoing
sauasibal Jsdued
paseq-uole|ndod
€l [£¥] (£000)
18199 O3S

RARSEEN 47
(€107) e 19 D Nyz

aouel
‘Ansibal 1sdued

(panuiuo)) dus diydads e Jo aus Aue Je Jadued Alewud 151l e BuIMmOl|0) SO T @lgeLl



Page 11 of 17

Ye et al. BMIC Cancer (2016) 16:849

ewiouIed |92 [SN DWW ‘ewoRAw aidninw iy ‘elwsena| dnkdoydwA|

21U0IYD 77D ‘BIWSLYNS| PIO[SAW DIUOIYD TWD ‘SISESSIQ JO UONEDNISSe|D [eUORUISIU| Df ‘|BAISIUI SDUSPLUOD [ ‘(DYVI) 192UeD Uo Ydieasay 4oy Aousby |euoneussiul ayi/(4DVI) SauIsIbay Jadue) Jo uoneossy
|euonewau| YOI/ ‘synsay pu3 pue ‘Abojoiwapid] ‘@due|jivAIng ¥73S ‘susned Jo Jaquinu p ‘siodued Arewnd adinw sHgpy ‘ABojorwapid] ul sa1pnis [euonealasqQ Jo bunuoday syl bulusyibuans 3goy.LS

L0

80
(LTce6l1)
e
((ZAR )]
/S|
(8S'1-LT1)
wi
(LL1-2€1)
€51

0861
-0/61

6961
-1961

00C
-100¢

000¢
/661

%661
-€661

661
-6861

"J9AO JO Gg 9be e

HUIIND30 SINOWN) PUODSS PaPN|OX]
JaoURd

snoinaid oyl woly 1dunsip ‘Aewud
MaU B S| 11 1ey) sa1e1s Apdijdxe
1oday Abojoyied Jo piodai |eudsoy
QY3 JI AJUO pa1a1siBal oq ||IM 1511} 9y
se ABojoISIYy aules syl Yum Ing a1s
1UJ3YIP B 1B JO 1SIl) 9] SB 1S SUes
941 1B SI9dUBD PUODS ISl YL

wiouj 1ounsip a1e ABojolsiy ay1 pue
9IS 2Y) Se PaUlEP J9DURD PUOIS

$3INI YOVI/DHYI s3]t BuIpod Hd

"2I0W 1O sieak 68 abe 1e Jo (dn-moj|oy
ou) Yiesp 1e palalsibal usaq pey
JNOWNY Xapul JI2yYa J1 10 Inowny xapul
2U) St aw awes 3y} 1e J0 21047
1Y pasaisibal Jnowny Jayoue

pey pey Asu JI syusned papnpx3
‘08-1961 pouad ay1 buunp Ansibay
192UeD) SaUley] YInos Syl Ul Ss1isal oyl
JO J2dued yum paisaisibas syuaned ||y

sisoubelp eDg 210J9q JaduUed

snoiaaid Jo AI0ISIy umouy e yum
suaned papn|ox3 £007 J9quiadaQ

L€ 01 dn pamoj|o} pue 007

pue 6861 Usamiaq pasoubelp (edg)
J9DUed Jappe|g 111y B yum suuaied ||y

1861 SN ‘Asibay

o1dn 195UBD) (SauWley |

PaMO||04 MOU) sawey |

0861 Jsoued uanos [ee] (£861)

LT €10 1961 Jejnonsal - 0€/8C [ 19 UBWSI0D '
1007 DUl ‘sal}

o1 dn -s1631 J9oued paseq

Pamo||04 -uole|ndod youai4

¥00C Jsoued 0L [99] (5107)

4 /7001 -6861 lsppelg 0€/8¢ HREREETaIN

(panuiuo)) dus diydads e Jo s Aue Je Jadued Alewud 151l e BuIMmOl|0) SO T @lgeLl



Ye et al. BMC Cancer (2016) 16:849

on more than 1.6 million cancer survivors during the
period of 1976-2010 with 85,399 MPCs identified [57].

The coding rules to define MPCs varied across studies.
Seven studies and the SEER monograph used incidence
and follow-up data from SEER program registries, and
employed SEER coding rules [7, 39-44, 53]. Eight studies
and the Italian monograph used coding rules proposed by
the IARC/IACR (37, 38, 45, 47, 48, 50, 52, 56, 57]. While
it may be difficult to directly compare risk estimates
derived using different coding rules, comparisons of
temporal trends will be valid if the rules used to de-
fine MPCs are consistent over time within a single
study population [58].

Study quality

The number of STROBE criteria met in all population-
based studies ranged from 18 to 28 of 30 items in total,
with 21 studies meeting at least 25 criteria. Included
studies had various objectives, data sources, study sizes
and STROBE criteria met, but they all reported the risk
of MPCs over different time periods.

Risk of MPCs following first primary cancer with all sites
combined

Six studies reported temporal trends in MPC risk among
survivors of adult cancer with all first cancer sites com-
bined. Four of them observed an increasing trend in
MPC risk from earlier to more recent periods. The SEER
monograph reported a 14 % higher risk of developing
MPCs than would be expected in the general SEER
population during the 25 years of follow-up, with a total
of 185,407 observed MPCs compared with 162,602 ex-
pected (SIR, 1.14; 95 % CI, 1.14 to 1.15). There was an
increasing trend of SIRs rising from 1.12 with periods of
first cancer diagnosis during 1973-79 to 1.21 during
1995-2000 [7]. Three large population-based studies
from Australia, Finland and Japan (Australia and Japan
including more than 200,000 cancer survivors, Finland
including 470,000 cancer survivors) also showed an in-
crease in the risk of developing MPCs across the whole
study period when all first cancer sites are combined. In
Australia, the SIRs grew from 1.14 with periods of first
diagnosis in 1982-1986 to 1.46 in 1997-2001 [46]. In
Finland, the SIRs increased from 1.09 in the 1950s to
1.14 in the 1980s [52]. In Japan, the relative risk in-
creased from 1.00 in 1966-1971 (reference) to 2.89 in
1984-1986 [45]. However, two studies from Italy and
France showed no significant difference in SIRs across
different time periods. The Italian monograph reported
SIRs of 1.10 in 1978-1987, 1.08 in 1988-1997 and 1.10
in 1998-2010, with a 10 % higher risk of developing
MPCs than expected across the entire study period
19762010 (SIR, 1.10; 95%CI, 1.09 to 1.10) [57]. The
French study was a large population-based study using
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data from 10 French population-based cancer registries,
with a first cancer diagnosis between 1989 and 2004 [48].

Risk of MPCs following first primary cancers at specific
sites

The risk of MPCs following first cancers at specific sites
did not differ significantly across calendar periods of first
cancer diagnosis in 14 studies [33, 35, 36, 38—41, 43, 44,
47, 49-51, 55]. Six studies reported an increasing tem-
poral trend in MPC risk [32, 34, 42, 53, 54, 56], whilst
two studies reported a decreasing trend in MPC risk
after breast cancer during the study period 1943-2000
[31, 37]. There were a total of three studies on breast
cancer as the first cancer.

MPCs following leukaemia, lymphoma and myeloma

Eight studies assessed the risk of MPCs following first
cancers of the hematopoietic and lymphoid system
[32, 34-36, 40, 43, 51, 54]. The risk of MPCs did not
reveal any particular trends with respect to variations
in SIRs over time in either of two major leukaemia
(chronic myeloid leukaemia, chronic lymphocytic leu-
kaemia) [35, 36] or the uncommon hairy cell leukae-
mia [40, 51]. These studies compared the risk of
MPCs before and after a time point around 1990
when novel therapeutics such as interferon, fludara-
bine and other nucleoside analogues were introduced.
Three studies with first cancers of Hodgkin or non-
Hodgkin lymphoma reported an increasing trend in
the risk of MPCs over time [32, 34, 54]. The risk of
MPCs increased from 1.2 in the 1960s to 1.6 in the
1970s among 3139 cases of Hodgkin’s disease [32].
For MPCs following non-Hodgkin lymphoma (NHL),
the risk was higher in the time interval of 2000-2006
(RR =1.00, reference) than in 1980-1984 (RR =0.65;
95%CI: 0.59-0.72) in more than 60,000 registered
cases from three Nordic countries [34]. A similar pat-
tern was also confirmed in France. The risk of MPCs
was 1.37 (95%CIL: 1.08-1.74) times higher for NHL
diagnoses in 2000—2004 than in the 1989-1994 refer-
ence category [54]. For MPCs following multiple mye-
loma, there was no significant change in the risk
before and after 2000. However, the overall risk of
MPCs was also not significant (SIR=0.98; 95 % CL
0.94-1.02) [43].

MPCs following breast and ovarian cancer

No statistically significant change or decreasing trends
in MPCs risk was observed in three breast cancer stud-
ies, two from multicentre studies and one from a single
cancer registry [31, 37, 38]. One large multicentre study
used data on 525,527 breast cancer survivors from 13
population-based cancer registries from Europe,
Australia, Canada and Singapore covering the study
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period 1943-2000. The risk of MPCs decreased from
1.32 (95%CI 1.30-1.35) before 1975 to 1.18 (95%CI 1.14-
1.22) after 1991 [37]. Another multicentre study encom-
passing four Scandinavian cancer registries reported data
on more than 300,000 one-year survivors of breast can-
cer during a similar period, 1943-2002. The risk of
MPCs was lower after 1980 than before (SIR = 1.09 and
1.19, respectively). However, second haematological can-
cers were excluded from the analysis [31]. No significant
change in trend was observed in a study from a single
cancer registry in Spain during the period of 1985-2007
(SIR 1.37, 95%CI 1.16-1.58 in 1985-1995 and SIR 141,
95%CI 1.18-1.64 in 1996-2007) [38]. The risk of MPCs
following ovarian cancer increased from 1.1 in 1961-69
to 1.2 in 1970-80 (no 95%CI provided), using data from
a single cancer registry in the UK. However, the ob-
served numbers were mostly too small to obtain reliable
estimates [32].

MPCs following thyroid cancer

In the USA, the risk of MPCs was higher in patients di-
agnosed with a first thyroid cancer during 2004-2008
(SIR 1.45, 95%CI 1.28-1.62) than in 1973-1983 (SIR
1.02, 95%CI 0.97-1.07) [42]. In Korea, however, the risk
only reached statistical significance for a first thyroid
cancer diagnosis between 2003 and 2007 (SIR 1.09,
95%CI 1.03-1.15), with smaller increases in other periods
(SIR =0.92 in 1993-1997, 1.05 in 1998-2002 and 1.06 in
2008-2010) [49].

MPCs following prostate cancer

Interestingly, the risk of MPCs following a first prostate
cancer was significantly lower than expected in two rele-
vant studies from the USA and Korea [33, 55]. The value
of SIRs was consistently 0.7 from 1974 to 1994 using
data from SEER (USA) cancer registries [33] and ranged
from 0.6 to 0.7 during 1993-2011 using data from a na-
tionwide hospital-based cancer registry in Korea [55].

MPCs following first cancers at other sites

From the early 1970s to the mid-2000s, the temporal
trends in the risk of MPCs did not change significantly
with a first cancer diagnosis of malignant meningioma,
oesophageal cancer and ocular melanoma [39, 44, 47],
but varied for first cancer at head and neck [50]. The
risk of MPCs following testicular cancer remained con-
sistent and lower than expected from 1961 to 1980. Al-
though the SIRs for first cancer of Merkel Cell
carcinoma increased from 1.09 (95%CI 0.83-1.70) in
1986-1994 to 1.37 (95%CI 1.05-1.76) in 1995-2002, the
increase was not statistically significant [41]. For
MPCs following colorectal cancer and bladder cancer,
both risks increased with the year of first cancer diag-
nosis. The SIRs increased significantly from 1.53
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(95%CI 1.37-1.71) in 1989-1992 to 2.02 (95%CI 1.79-
2.27) in 2001-2004 for first bladder cancer [56]. For
first cancer at colon and rectum, the SIRs were higher in
2002-2012 (1.25 for colon, 1.16 for rectum) than in
1992-2001 (1.08 for colon, 1.00 for rectum) [53].

Discussion

To our knowledge, this is the first systematic review fo-
cusing on the temporal trends in the risk of MPCs.
There was an increasing time trend in the risk of devel-
oping MPCs in the USA and Australia when all first can-
cer sites were combined. Risk increased from 1.12 to
1.14 following a first cancer diagnosis in the early 1980s,
to 1.21-1.46 in the late 1990s. In European countries, the
risk remained similar during 1978-2010 for Italian can-
cer survivors and showed no significant change between
1989 and 2004 for French cancer survivors. Three po-
tential explanations are postulated for the increasing
trends in the USA and Australia: 1) increased detection
of MPCs, both intended and incidental; 2) increased ra-
diation exposure and 3) changed cancer treatments. The
trends in the risk of developing MPCs varied by site of
first cancer from 1943 to 2012, but mostly there was lit-
tle change.

Increased detection

Increasing risk of MPCs might be a result of increased
detection arising from the introduction of cancer screen-
ing programs for the early detection of cancers in the
community; and incidental findings arising from the in-
creased use of sensitive imaging tests in the routine clin-
ical follow-up of cancer survivors. Early detection and
incidental findings are not necessarily of benefit, as they
can lead to “overdiagnosis”. Overdiagnosis is the detec-
tion of a “cancer” that would not cause symptoms or
death in a patient’s lifetime [59].

Higher MPCs risk was observed in studies from the
USA and Australia in the late 1990s [7, 46]. These
findings coincide with the introduction of national
cancer screening programs for cervical cancer and
breast cancer in Australia in the early 1990s [60]. In
the USA, the use of cancer screening for cervical can-
cer, breast cancer, colorectal cancer and prostate can-
cer has increased since 1987, particularly for breast
cancer [61-63]. As well as providing benefits, screen-
ing has led to the overdiagnosis of non-progressive or
low progressing cancers [64—67].

Cancer survivors are considered at increased risk for
future cancers, and screening has been specifically rec-
ommended for survivors of some cancer types [68]. A
meta-analysis of 20 studies demonstrated that cancer
survivors tended to receive more frequent screening for
new primary cancers, especially for breast, cervical, colo-
rectal and prostate cancer than non-cancer controls
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[69]. This may thus differentially lead to increased detec-
tion among cancer survivors compared with the general
population.

Another activity leading to a higher rate of MPCs
may be the increased use and improvements in diag-
nostic imaging in recent time periods. The use of
diagnostic imaging, especially computed tomography
(CT) scans, has increased dramatically worldwide
since 1980, particularly in the USA, Australia and
Japan [9, 11, 70]. Cancer survivors routinely undergo
CT scanning and other imaging procedures during
follow-up, the detection of a new primary cancer,
therefore, becomes more likely than in the general
population with no prior cancer diagnosis [71]. Some
of these incidental findings might be clinically unim-
portant, leading to overdiagnosis [10, 59, 72].

Increased radiation exposure during the follow-up after a
first cancer diagnosis

Radiation exposure due to monitoring may of itself lead
to harmful effects [73]. This possibility is consistent with
our finding that the highest risk of MPCs, from the late
1990s, has occurred since radiation exposure has in-
creased enormously [9]. Since the 1980s, the average an-
nual per-capita effective dose from medical radiological
procedures doubled worldwide [9, 11]. In the USA, the
average annual per capita dose for medical procedures
increased almost six-fold from 0.5 mSv in 1980 to
3.0 mSv in 2006 [9], with X-rays and CT scan the two
most common imaging procedures leading to radiation
exposure [11].

The lifetime risk of cancer attributable to diagnostic
X-rays is estimated to vary between 0.6 and 1.8 % across
15 countries, including the USA and Australia, between
1991 and 1996 [74]. In Japan, the attributable risk has
been estimated at 3.2 %, but the Japanese results are
confounded by the impact of background radiation fol-
lowing the atomic bombings in World War II [74].

CT scanning has been widely used since the 1990s
and delivers a much higher radiation dose than diag-
nostic X-rays [75]. In Australia, the cancer risk in
children and adolescents who underwent CT scanning
between 1985 and 2005 was found to be 24 % higher
than in their peers who did not undergo CT scanning
[16]. The impact on lifetime risk could not be ascer-
tained given that cancer excess was still occurring at
the end of the study. Increased risk of cancer due to
CT scanning is not, however, limited to children.
Adults are also at increased risk of cancer from the
radiation exposure [76]. Imaging-based evaluation, es-
pecially CT scans, is the preferred modality to assess
response to treatment, and for routine surveillance of
most cancer survivors [77]. Therefore, increased risk
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of MPCs could be partly attributable to cumulative
radiation exposure due to recurrent CT scans [78].

Changed cancer treatments

Studies of MPCs consequent to a primary cancer at a spe-
cific site can help us understand the impact of treatment
changes on trends of MPC risk. No statistically significant
change in risk of MPC was observed in most specific site
studies, including after the 1990s when many newer (and
improved) treatments or management strategies were in-
troduced [33, 35, 36, 38—41, 43, 44, 51, 55]. A decrease in
risk was observed in two of three breast cancer studies,
which may reflect the improvement in radiation tech-
niques [31, 37]. On the other hand, an increase in MPC
risk was observed for a first non-Hodgkin lymphoma diag-
nosis in the mid-2000s than in the early 1990s, which may
suggest an adverse treatment effect with increased use of
nucleoside analogues (e.g. Fludarabine) at the end of the
1990s [34, 54]. The increase in the risk of MPCs following
thyroid cancer might occur as a consequence of aggressive
radiation treatment [42]. This is particularly concerning in
regard to the more recent increased detection and treat-
ment of microcarcinoma [79], largely considered to en-
compass overdiagnosis and overtreatment [72].

Together these findings suggest that most treatments
have not impacted the baseline risk of MPCs in persons
recently diagnosed with a primary cancer (post-1990),
with the exceptions of breast cancer (reduction), non-
Hodgkin lymphoma and thyroid cancer (increase).

Other factors to be considered

Changing patterns in lifestyle or environmental risk fac-
tors may also affect the value of SIRs over time. Tem-
poral trends in population exposure to carcinogenic
factors such as alcohol and tobacco consumption, dif-
fered across countries [48]. Any differences over time in
exposure in the reference population compared with the
population of cancer survivors could contribute to chan-
ging SIRs.

Limitations

Several factors limit the interpretation of our findings.
First, studies of all first cancer sites combined from the
USA and Australia did not cover the last 15 years. This
period is of particular relevance given the introduction
of nuclear medicine imaging, for example, PET/CT scan-
ning. Second, cancer survivor profile (age at first cancer
diagnosis, site of first cancer) may have varied according
to year of first cancer diagnosis and these factors may
contribute to changing SIRs [48]. For example, cancer
survivor profiles have changed with the implementation
of cancer screening programs. Third, variation in screen-
ing guidelines, follow-up care, management and treat-
ment for cancer across countries potentially affect the
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generalizability of the results. Fourth, some included
studies did not clearly specify the coding rules or defin-
ition of MPCs, which may result in misclassification and
less reliable estimation of the observed number of
MPCs. Fifth, different timeframes of the study cohorts
may limit the ability to evaluate long-term effects of
changing patterns in medical surveillance and treatment
of the primary cancer. Some studies published before
2000 lack sufficient data to compare SIRs pre-1990s and
post-1990s when treatment improved [32, 33, 45, 52].
Sixth, articles in languages other than English were ex-
cluded, which could lead to language bias. Last, although
we defined the age of the study population as adults,
some studies, mostly those using SEER cancer registries,
reported across all ages [7, 32, 34, 36, 39-45, 47, 49, 52,
54, 57]. However, childhood cancer survivors accounted
for a limited proportion of all cancer survivors (no more
than 2 % in SEER cancer registries), and the types of
cancer developed in children were limited [7], which
should minimise any impact on the overall results.

Conclusion

The overall risk of developing MPCs appears to have in-
creased in the USA and Australia from the 1980s to
2000 when all first cancer sites are combined. Increased
detection due to the more frequent use of diagnostic im-
aging and increased medical radiation exposure may be
potential explanations. Studies from Italy and France,
however, showed no significant change in MPC risk in
patients diagnosed with a first cancer after 2000. Given
the implementation of new cancer screening programs
and the growth of nuclear medical imaging (e.g. PET/CT
scanning) since 2000, continued long-term surveillance
is needed from non-European as well as European coun-
tries. Future studies are needed to assess the extent of
overdiagnosis and overtreatment among cancer survi-
vors relative to the general population, and thus to as-
sess whether there is potential for optimising follow-up
strategies.
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