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CHAPTER 1

Introduction
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This chapter consists of two parts:

i) 1.1 General introduction and problem definition: definition, risk and prognostic factors,
as well as methods and statistical issues to estimate risk and prognosis of patients
with MMs

ii) 1.2 Prevalence of multiple malignancies on Jan 1 2007



CHAPTER 1.1

General introduction and
problem definition
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General introduction and problem definition

1.1 GENERAL INTRODUCTION AND PROBLEM DEFINITION

Early detection of cancer as well as advances in therapy and supportive care have resulted a
prolonged survival period of time after cancer. In the Netherlands the 5-year relative survival
for all types of cancers combined increased from 47% in 1989-1993 to 59% in 2004-2008".
Once patients have survived long enough (i.e. 10 years) since diagnosis of their cancer, their
life expectancy usually becomes almost the same as people without a cancer (conditional
5-year relative survival>95%)?. A Netherlands Cancer scenario Report expected the preva-
lence of second cancer patients to increase from 14,000 in 1985 to 24,000 (excl. skin cancer)
in 2000 when assuming an average increase of duration of survival by 1% per annum?®. The
Signallling report in 2004 from the Dutch Cancer Society estimated the prevalence of mul-
tiple malignancies (MMs) to reach around 100,000 cases in 2015 in the Netherlands due to a
twofold number of cancer survivors since 2005% Since a second cancer diagnosis may impair
survival and is likely to affect quality of life amongst cancer survivors we should be interested
in prevention and early detection and its undoubtedly more complex treatment>'".

MMs are defined as two or more primary cancers occurring in an individual that are
neither an extension, nor a recurrence, nor a metastasis of the first tumor'>'>. MMs can be dif-
ferentiated into synchronous and metachronous cancers, based on the length of the interval
between the diagnosis of the first and second cancer. Synchronous cancers occur within
6 months after the first cancer diagnosis, and metachronous cancers later (Figure 1). But this

definition may vary depending on the specific research questions posed.

1% cancer 2™ cancer (synchronous) 2™ cancer (metachronous)

t t t .

Follow-up time (yrs)

ntensive check-up periods J
(usually 6 months)

Source: Netherlands Cancer Registry

Figure 1. Definitions of second cancers diagnosis according to follow-up periods
Note: A localized, e.g. T1 synchronous, cancer is likely to be a prevalent cancer whose diagnosis is only made
earlier but which otherwise have been detected later.
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Chapter 1.1

1.1.1 Etiology and risk

On average, cancer patients have a two-fold increased risk to develop another cancer as

compared with the general population'®. But this risk is very unevenly divided over cancer

types, because it can be due to (Figure 2):

i)

iii)

14

Shared lifestyle risk factors in the same patient with an initial cancer i.e. related to smok-
ing, alcohol, obesity, UV and infection. For instance, amongst survivors of head and neck
cancer, a higher risk (i.e., SIR>1) for lung cancer is observed, likely due to smoking's;
amongst women with cervical cancer, a higher risk of cancers of the vagina, vulva, and
anus are observed, likely related to Human Papilloma Virus (HPV) as a common cause'”".
Side effects from the treatment of the first cancer, e.g. radiotherapy, chemotherapy or
hormonal therapy, or a combination of effects of more than one of these modalities. Sec-
ond cancers related to radiotherapy usually occur 10 years after diagnosis and their risk
is higher amongst patients who received radiotherapy?*?'. Second primary breast cancer
might be the late adverse effect of initial radiotherapy in patients with a prior Hodgkin's
lymphoma?*?, The lag-time between treatment and hematological cancers is generally
shorter as compared to solid tumors. For instance, myelomonocytic or monocytic leukae-
mia, often occur shortly (i.e. within 1 year) after chemotherapy has been administered,
whereas alkylating agent-related acute myeloid leukemia (AML) become most common
5-10 years after the initial cancer diagnosis**#*. However sometimes therapy may have a
protect effect. For instance, endocrine therapy with Tamoxifen for breast cancer has been
shown to have a protective effect against contralateral breast cancer®.
Immune-suppression.Impairment of the immune system, resulting in a lack of control of
oncogenic viruses greatly elevates the risk of infection-related cancers. Patients with Hu-
man Immunodeficiency Virus (HIV) or with organ transplants are at very high risk of non-
Hodgkin’s disease (NHL) or Kaposi sarcoma (KS) and also have a substantially increased
risk of Hodgkin's disease (HD), cervical cancer and skin cancer. Impaired immune function
is thought to (partly) explain the increased risk of multiple malignancies amongst cancer
survivors of NHL, KS and skin melanoma3'34.

Genetic predisposition e.g. BRCAI/Il and HNPCC. Women with BRCAI/Il mutations have
a high cumulative risk of developing breast cancers by age of 70 years (35-84%) and
ovary (10-50%)*. Patients with hereditary non-polyposis colorectal cancer (HNPCC, Lynch
syndrome) are at increased risk for cancers in breast, ovary, and skin (melanoma)?3¢37,
Multiple cancers associated to a genetic predisposition often occur at younger ages of

onset compared with sporadic cancers.



General introduction and problem definition

Second cancer: Etiology

Treatment

1%t cancer 2" cancer

A 4

f 1 f

Lifestyle Environment Host factors Interactions and
other influences

. Tobacco . Contaminants . Genetics

. Alcohol . Occupation . Immune function . mostly gene-
. Diet . Other . Hormonal environment

. uv irradiation . Other

. Other . Skin type

Source: Netherlands Cancer Registry

Figure 2 Determinants of risk of subsequent primary cancers
Adapted from Travis, L.B. Acta Oncologica 2002; 41:323-333%,

1.1.2 Prognosis of patients after a second cancer diagnosis

Generally the occurrence of a second cancer has been reported to be associated with lower
survival: this was observed for most cancer sites when second primary cancers were included
in the analyses®3°. Amongst patients with colorectal cancer, a history of previous cancer
diagnosis alters the cancer treatment and impairs prognosis**4’. Women with contralateral
breast cancer experienced worsened survival than women with a unilateral cancer, irrespec-
tive of stage at initial cancer'. Chemotherapy-related acute myeloid leukaemia (AML) has
been shown to shorten survival time of cancer patients*.

Better survival was observed amongst patients with multiple colorectal cancers because
multiple colorectal cancers might have a different carcinogenesis pathway (e.g. microsatellite
instability, MSI) and react better to chemotherapy*+.
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Chapter 1.1

1.1.3 Current state of multiple malignancies in the Netherlands and
methodological challenges

An increasing and often diverse group of patients who needs more attention- As in
many other industrialized countries the prevalence of cancer in the Netherlands has risen
markedly, and has been predicted to continue to increase from 366,000 (2%) in 2000 to
692,000 (4%) in 2015* The combination of higher survival of patients with a first primary
due to earlier detection and improved treatment as well as aging of the population drives
up the number of patients with more than one cancer. However updated and tumor-specific
estimations are lacking related to first primary of the increasing present and future size of the
problem, hampering prioritization of prevention and surveillance. In the 2007 report of the
Health Council on optimal long-term surveillance of cancer patients comprehensive discus-
sions for the detection of multiple cancers were missing*.

Methodological challenges- Risks of second cancer amongst breast and testicular cancer as
well as lymphoma patients have been explored in the Netherlands®*47>7, Recent reports from
the US and Australian cancer registries provide an overview of the size and nature of mul-
tiple cancer, but analyses were based on < 20% of the national populations'*'>. Worldwide,
researchers of second primary cancer usually have focused on the relative risks compared
to general population but often they did not examine the — generally rising time trends of
various second malignancies because of small number of cases or a short length of follow-up
periods of available data®.

1.1.4 Methods and statistical analysis

In this thesis, several methods were applied to estimate the occurrence and prognosis of
MMs>°. They are summarized in Table 1 In short:
(1) To assess the burden of multiple cancers:

i) Point prevalence of MMs is the proportion/number of people alive with more than
one cancer diagnosis at a certain point in time (e.g. Jan 1 2007), disregarding the
moment of onset of disease between 1989 and 2006;

ii)  20-year Cumulative incidence (Cl) of second cancers, of a certain type of second
primary cancer is the cumulative proportion of patients who had this cancer
diagnosis over a period of time (e.g. 20 years). When estimating Cl for a certain
cancer, competing risks for other type of second cancers and death was taken into
consideration®. For instance, when estimating Cl for a second breast cancer, death,
and second other cancers (rather than breast cancer) are treated as competing risks.

iii)  Absolute excess risk (AER) from the occurrence of second cancers as compared to
general population. It is defined as the difference between the observed and the
expected number of patients with second primary cancer, divided by the number
of person years at risk, usually expressed per 10,000.

16



General introduction and problem definition

Table 1 Definitions and formulas of indicators of risk of second primary cancers in this thesis

Measures

Definition Formula

BURDEN

Point Prevalence

Cumulative incidence (CI)

6-month Cl

Absolute excess risk (AER)

RISK

Standardized incidence ratio (SIR)

PROGNOSIS

Crude survival

Hazard Ratio

The proportion of people alive with more  »

than one cancer diagnosis at a certain \T‘ (1-0.5)
e E i .
pointin time. T=1t J_is05 i_is05

Cumulative proportion of patients who

had this cancer diagnosis over a period of CI“) =1-
time (e.g. 20 years) taking competing risks

into consideration®.

Cumulative proportion of patients who

had this cancer diagnosis over a period C.ﬂ: f) = 1 — E_I Rit)+D
of time (e.g. 6 months) taking competing

risks into consideration®.

o~ IR(t}D

Excess absolute incidence of a cancer
amongst cancer patients as compared
with general population

(O-E)/person years at risk *10,000

Risk for a cancer amongst cancer patients O/E
as compared with general population

Cumulative survival on the function of n; —
time-Kaplan-Meier method S'(f) = H L

Mortality rate ratio in the group of patients
with one and with 2 cancers. Equivalent to
outcome in a time-matched nested case-
control study design.

log h(t) = f(ho(t),c + B Xy + - - + Bp Xy)

0=0bserved number, E=expected number (person years at risk*background incidence)

(2) To assess relative risk for second cancers: we used standardized incidence ratio (SIR) as a

relative risk for a certain cancer amongst cancer patients as compared to the general popu-

lation. SIR expresses the excess incidence of a certain cancer amongst a cohort of cancer

patients relative to the background incidence amongst the general population, that is the

ratio between observed and expected number of patients with second primary cancer.

(3

=

To assess prognosis of patients with multiple cancers: We applied the Kaplan-Meier

method to illustrate the crude (absolute) survival differences between patients with one

cancer and those with two. Then the Cox proportional hazard (CPH) model (univariate)

was used to find the important prognostic factors amongst patients with two cancers.

Finally, multivariate CPH model with second cancer as time-dependent variable was used

to obtain the hazard ratio (HR) between patients with one and with two cancers. Model fit

was evaluated using residual-based graphical methods and goodness-of-fit test statistics.

The proportional hazard assumption was evaluated via a test for a non-zero slope in a

17



Ch

apter 1.1

generalized linear regression of the scaled Schoenfeld residuals on functions of time®'.
This method is equivalent to a time-matched cohort-nested case control study design.
Until the moment in time that a second cancer is diagnosed, all patients are in the group
of patients with one cancer - assuming they have the same mortality (HR=1). Upon the
occurrence of the second cancer, patients moved to the ‘MMs’ group and their mortality
can diverge from the group of people without a second cancer.

=

To estimate time trend of SIR and AER for second cancers: The number of patients with a
second cancer in a certain cohort will increase with longer follow-up time, simply because
with the rise of age there is more time (chance) to develop another cancer. Therefore,
if follow-up time differs substantially across cohorts, biased comparisons will occur. In
order to circumvent this problem, | used fixed inception cohort designs for the analy-
ses, ensuring comparability of follow-up time across period cohorts. When using fixed
inception cohorts to examine trends of SIR/AER, one should avoid (too) much overlap in
background incidence in two adjacent cohorts in order to avoid underestimation in trend
analysis. Also an ample sample size and long-term follow-up for the data are essential
to use this study design, which fortunately are both available in the Netherlands Cancer
Registry data.

=

To estimate surface-adjusted SIR and AER:

Second cancers cannot develop in tissues that have been resected during treatment of
the first cancer, hence, when comparing risk in the remaining tissue with the risk in gen-
eral population in possession of their full organ, lower risks are expected (i.e. SIR <1 and
AER<O0), although the underlying risk might be higher because of unfavorable etiological
circumstances. SIR and AER resulting from this approach should be interpreted as ‘rela-
tive/absolute’ risk per unit surface in the patient population compared with the risk in
the general population. This approach may also shed some light on etiology of cancers:
similar surface-adjusted incidence rates between sub site of colon and rectum suggest
similar etiology®"6263,

To compute the expected numbers in the AER and SIR, person years at risk for each of the

sex-, age- (5-year band), and calendar year-specific (1-year band) strata were multiplied by

the corresponding incidence rate in the general population and then summed across strata®.

Person years at risk in the patient cohort was calculated by summing individual follow-up

times at the date of first cancer diagnosis until the occurrence of the second cancer of inter-

est, of other second cancer, end of study (December 31 2008), or death, whichever came

first. In our study, the maximum individual follow-up time was therefore 20 years and the

m

inimum follow-up time was one day (tumors diagnosed with zero follow-up time being

excluded).

Synchronous second cancers are often excluded in SIR and AER calculations instead a

6-month/1-year cumulative incidence is calculated.

18



General introduction and problem definition

1.1.5 Study population: Netherlands Cancer Registry between 1989 and 2008

Since 1989 the Dutch population was covered by nine regional cancer registries (eight from
2008, culminating into two from 2011), which established the Netherlands Cancer Registry
(NCR), providing national coverage.

The cancer registration process in the Netherlands works as follows:

The registries receive notifications of all newly diagnosed malignancies through the 60
laboratories that are part of the national automated pathology archive (PALGA)®. Additional
sources are the national registry of hospital discharge, haematology laboratories and radio-
therapy institutes. Incompleteness has been estimated to be at most 5%, occurring mostly
amongst older outpatients with a clinical, (e.g. radiological) diagnosis only ° and which
might indeed affect second cancers as well. Trained registration clerks actively collect data on
diagnosis, topography, histology, stage, and information about initial treatment (delivered
within 6 months from diagnosis) from hospital medical records. The medical record is gener-
ally regarded as the most complete source of information on the patient’s past and current
health status®’. Information on the vital status of the patients was initially obtained from the
municipal registries and since 1995 from their nationwide network (GBA). These municipal
registries provide virtually complete coverage of all deceased citizens in the Netherlands.

The NCR registers all new cancers (excl. basal cell carcinoma of the skin which is only reg-
istered at the Eindhoven cancer registry)®®® and applies International Association for Cancer
Registry (IACR) rules for coding second primary cancers'?'3,

1.1.6 Main research questions

In this thesis, | aimed to answer the following main research questions:

i)  What is the prevalence of multiple malignancies in the Netherlands?

- What types of cancers more or less often coexisted within one patient?

- What are the characteristics of tumors and patients with multiple malignancies?

ii) Are there any striking risk patterns with increased or decreased relative and absolute
risks amongst cancer patients compared to the general population (i.e. people without a
history of cancer)? Can these risk patterns inform us on potential underlying risk factors
for the co-occurrence of certain types of cancer within one patient?

iii) Are there any amenable prognostic consequences of the diagnosis of a second cancer?

19




Chapter 1.1

Outline of this thesis

The work in this thesis is based on a large research project funded by the Dutch Cancer So-
ciety named ‘The increasing burden of second primary cancers in the Netherlands: trend in
incidence, survival and causes-of-death since 1970 (EMCR 2008-4132) in which a large variety
of combinations of cancers has been studied and also a methodology was developed for
these type of analyses. Most of these analyses were made with epidemiologists from the
various Comprensive Cancer Center (CCC’s) and junior and senior specialized clinicians.

In this Chapter 1.1 (Introduction) we present definitions used throughout this thesis,
potential risk factors and indicators, prognostic factors and indicators, as well as methods
and statistical issues to estimate risk and prognosis of patients with MMs. In order to illustrate
order of magnitude of MMs, point prevalence of patients with MMs as of 2007 are described
in Chapter 1.2.

In the framework of the thesis, | select the most common second cancers for detailed analy-
sis on risk and survival. They are: colorectal cancer, breast cancer, prostate cancer, melanoma
of the skin, and well as chronic lymphocytic leukemia (CLL).

Chapter 2 focuses on risk patterns of second cancers. In Chapter 2.1 risk patterns for second
cancers at the sub sites of colon and rectum are analyzed amongst survivors of colorectal
cancer. In Chapter 2.2, the risk for a subsequent melanoma of the skin is estimated amongst
survivors with a cutaneous melanoma. Three studies are performed in attempt to shed light
on etiological and anatomical associations between the initial and subsequent cancers, while
taking treatment of the initial cancer into consideration. Chapter 2.3 analyzes the risk for non-
breast cancer amongst women with a contralateral cancer. Chapter 2.4 focused on the risk
of detecting prostate cancer amongst all cancer survivors; and in Chapter 2.5 detection of
chronic lymphocytic leukemia (CLL)-is estimated in patients with cancer.

Time trends in incidence of second melanoma of the skin occurring after any cancer type
are described between 1989 and 2008, using fixed-inception cohorts (Chapter 2.5).

Prognosis after a second cancer is investigated amongst survivors of colon cancer and
amongst women with breast cancer (Chapter 3.1-3.2).

A general discussion on main findings, implications and future research is presented in
Chapter 4.
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ABSTRACT

As the number of cancer survivors increases in the Netherlands, there is a concomitant
increase in patients with multiple malignancies (MMs), the prevalence of which needs to be
assessed to estimate care needs. This study analyzed incidence data on all malignant cancers
diagnosed between 1989 and 2006 retrieved from the population-based Netherlands Cancer
Registry. The point prevalence of MMs was determined on January 1 2007. Of all cancer
survivors in 2007, 30,064 (7% of the total) were patients with MMs. Their median age was 74
(interquartile range 71-76) years. Ninety two percent (i.e. 27,660) of these patients had two
cancer diagnoses. The most common subsequent cancers being squamous cell skin cancer
(5,468), colorectal cancer (4,634) and breast cancer (3,959). High frequency of combinations
included: 1) female breast and genital cancers (any order), 2) urinary tract and prostate
cancers (any order), 3) Hodgkin’s lymphoma and subsequent female breast cancer, and 4)
non-Hodgkin’s lymphoma and subsequent squamous cell skin cancer. As the number of
cancer survivors continues to increase and their survival improves, MMs are becoming more

important in the field of cancer surveillance.
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INTRODUCTION

The number of cancer survivors is increasing due to improvements in early detection programs
and treatment. In 2005 it was estimated that 400,000 people in the Netherlands had a previous
cancer diagnosis which corresponds with 2.5% of the total population’. By 2015 the number of
cancer survivors is predicted to increase by 38% to 692,000 individuals, representing 4% of the
total Dutch population® An additional cancer diagnosis is one of the main concerns in cancer sur-
vivors and therefore merits attention. In 2001, in the USA 8% of the prevalent cancer patients had
had multiple malignancies (MMs) *and 1 of 6 (16%) newly diagnosed cases in 2004 had MMs*. The
International Agency of Research on Cancer (IARC) has published a series of studies assessing the
relative risk of developing second malignancies after a first cancer>'2. Similar studies have been
performed in the Netherlands'". These sources show that cancer patients have an increased
risk of developing a second cancer compared to the general population. Furthermore, compared
to patients with a single malignancy, patients with MMs often exhibit a worse five-year relative
survival following diagnosis of one or more secondary cancers'® ™. Moreover, the six aspects of
quality of life (i.e. physical functioning, pain, general health perception, energy, social function-
ing, and role limitations due to emotional problems) have been shown to decrease significantly
after a second breast cancer diagnosis®. Data on quality of lifeDue to the increasing number of
cancer survivors, MMs will become an increasingly important topic in both cancer surveillance
and epidemiology. A comprehensive description of patients with MMs would help to estimate
care requirements and guide future research on MMs?" 22,

The present study aimed to provide a comprehensive overview of the point-prevalence of
MMs in the Netherlands in 2007.

MATERIAL AND METHODS

The population-based Netherlands Cancer Registry (NCR) provided incidence data on all ma-
lignant cancers, including MMs, diagnosed between 1989 and 2006. Information on vital status
is updated through an annual linkage with the Dutch Municipality Register. This follow-up
information is complete up since October 1994. Therefore, all patients diagnosed with a cancer
before October 1994 who did not develop a subsequent cancer were censored at their last
date of follow-up. If subsequent malignancies are diagnosed later, the follow-up of the patient
can be reconstructed. Detailed description of NCR data can be found elsewhere?. The defini-
tion of multiple primaries in the Netherlands follows guidelines proposed by the international
Association of Cancer Registries (IACR) and the International Agency for research on Cancer
(IARC)*. According to these guidelines, a primary cancer is one that originates in a primary site
or tissue and is thus neither an extension, nor a recurrence or a metastasis. The recognition of

the existence of two or more primary cancers does not depend on time. Only one cancer can
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be recognized as rising in an organ or pair of organs or tissue (as defined by the three-character
category of the ICD or the topography of the ICD-O) unless the histology is different.

Definition of prevalence of multiple malignancies (MMs)

The point prevalence of cancer is defined as the proportion of people alive with cancer at a
certain point in time, disregarding the moment of disease onset. We determined the point
prevalence of patients with one cancer and patients with MMs on January 1 2007. Patients
with MMs were defined as those with a primary invasive cancer followed by one or more
additional cancers (invasive/in situ) between 1989 and 2006. These patients were classified
as ‘ever diagnosed patients with MMs’ and were categorized into 3 groups according to the
vital status: alive, deceased, and lost to follow-up (LFU). In the present study, those alive on
January 1 2007 represent the prevalent cases of MMs. First primary invasive cancers were de-
fined as first malignancies. Multiple primary cancers were defined according to international
guidelines for multiple primary cancers®*. We chose the presented first cancers based on the
SEER data in the period from 1973 till 2002%. After a first cancer, if the 25-year cumulative
incidence of the second cancers is larger than 10%, the first cancers were selected to be pre-
sented and were displayed in the following 13 anatomical sites/systems: mouth and pharynx,
colorectal and anus, soft tissue, malignant melanoma of the skin, skin (squamous cell carci-
noma), breast, female genital, male genital, prostate, kidney, urinary tract (renal pelvis, ureter,
bladder, urethra), Hodgkin’s and non-Hodgkin’s lymphoma. All other first malignancies were
grouped into a category ‘other’. Ovarian carcinomas of borderline malignancy were excluded,
as were basal cell carcinomas of the skin, which were only recorded in one regional registry?.

Statistical analysis

Patients with MMs were described by gender, number, status on the last date of follow-up
(alive, deceased and LFU), age on January 1 2007 (grouped into 6 age categories: 0-39, 40-
49, 50-59, 60-69, 70-79, 80+) years and cancer types. Also calculated were: age at diagnosis
of the first and subsequent cancers, and time intervals between cancer diagnoses. Age at
each cancer diagnosis and time interval between diagnoses were presented as median and
interquartile range (IQR). In addition, we calculated the proportion of survivors according to
the number of cancer diagnoses (1, 2, 3 and 4 or more) and the period from the last diagnosis
until the end of the study (<1 year, 1-2 years, 3-4 years and >5 years). Patients with MMs were
grouped by site of first cancer. Statistical analyses were performed using SAS 9.0.
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RESULTS

Between 1989 and 2006, a total of 1,351,621 individuals in the Netherlands were diagnosed
with cancer (data not shown), 85,676 (6%) of whom were patients with MMs. In 2007, 424,340
of these patients were still alive, 7% (30,064) included patients with MMs. Ninety two per-
cent of these patients (n = 27,660) had two cancers. Of all patients with multiple cancers
diagnosed between 1989 and 2006, 58% (49,335) had died and 7% ( 6,277 patients) were
LFU. Median age at first cancer diagnosis was 65 years (IQR: 62-67 years) and the median
age on January 1 2007 was 74 years (IQR: 71-76 years). The period between two consecutive
diagnoses ranged from 0.5 to 3 years (median, 1 year). As the number of cancers diagnosed
per patient increased, the time interval between the diagnoses decreased (Table 1).

In 2007 there were no surviving patients with more than 5 cancer diagnoses. Men were
more often diagnosed with MMs than women (8% vs. 6%, respectively). Most of the prevalent
patients with MMs (42%, increasing from 25-30% for the 2" cancer and 51-65% for the fourth
or following cancers) were diagnosed within one year of their last cancer diagnosis (Table 2).

Table 1 Characteristics of patients with multiple malignancies among all those diagnosed with cancer in
the period 1989-2006 in the Netherlands

Male Female Total
Patients with multiple malignancies (MMs)
No. of ever-diagnosed with MMs 51,009 34,667 85,676
No. of patients with MMs lost to follow-up 3,986 (8%) 2,291(7%) 6,277 (7%)
No. of patients with MMs who died before January 12007 31,824 (62%) 17,511(51%) 49,335 (58%)
No. of patients with MMs alive on January 1 2007(%) 15,199 (30%) 14,865 (43%) 30,064 (35%)
Survivors with MMs on January 12007
Median age (years) (IQR)'
at diagnosis of first cancer 67 (62,70) 62 (59;65) 65 (62,67)
at diagnosis of second cancer 71(67;74) 67 (65;75) 70 (66;74)
at diagnosis of third cancer 73 (70;77) 71(66;75) 72 (67;78)
at diagnosis of fourth cancer 73 (71;76) 71(68,76) 72 (68;75)
on January 12007 75 (72;80) 71(66;78) 74 (71;76)
Median interval (years) (IQR)’
Between first and the second diagnosis 3(1;5) 3(1;6) 3(1;5)
Between second and the third diagnosis 1(2,5) 2(1;6) 2(1;6)
Between third and the fourth diagnosis 1(03) 1(0;2) 1(0;2)
Between fourth and the fifth diagnosis 0.5(0;3) 0.5(0;2) 0.5(0;3)
Between first diagnosis and January 12007 74,10 8(511) 8(511)
Between last diagnosis and January 12007 2(1;3) 2(1,4) 2(1;3)

'Interquartile range

Note: due to rounding off the total percentage may exceed 100%
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Table 2 Overview of cancer survivors in the Netherlands diagnosed in the period 1989-2006 on January 1 2007

Period after the
last diagnosis <1year 1-2 years 3-4 years >5 years Total % of cancer survivors

Number of cancers
1

Male 52,091(30%)  35345(21%) 24,898(15%) 59,263 (35%) 171,597 (100%)

Female 54,873 (25%) 41,247 (19%) 33,623 (15%) 92,936 (42%) 222,679 (100%) ”
2
Male 6,090 (44%)  3,095(22%) 1,852 (13%) 2,753 (20%) 13,790 (100%) 65
Female 5235(38%)  3,059(22%)  2,010(14%) 3,566 (26%) 13,870 (100%)
3
Male 633 (50%) 262 (21%) 167 (13%) 173 (14%) 1,265(100%) 05
Female 445 (49%) 218 (24%) 104 (11%) 150 (16%) 917(100%)
24
Male 94 (65%) 28 (19%) 10 (7%) 12 (8%) 144(100%) 005
Female 40 (51%) 18 (23%) 9(12%) 11 (14%) 78(100%)
Total number of survivors with multiple malignancies
Male 6,847 (45%)  3,385(22%) 2,029 (13%) 2,938 (19%) 15,199(100%)
Female 5720(38%)  3,295(22%) 2,123 (14%) 3,727 (25%) 14,865(100%) 7
Total 12,567 (42%) 6,680 (22%) 4,152(14%) 6,665 (22%)  30,064(100%)

Total number of cancer survivors on January 12007
119,531(28%) 83,272(20%) 62,673 (15%) 158,864 (37%) 424,340(100%)

Note: due to rounding off the total percentage may exceed 100%

MMs were most commonly observed among elderly patients (median 74 years), but MMs
prevalence decreased among people aged 80 years or older. Less than 1% (274/30,064) of the
MMs patients were younger than age 39 years (data not shown).

The youngest patients with MMs were survivors of Hodgkin's lymphoma (median age In
2007 55 years) and those with a first male genital cancer (97% testicular cancer; median age on
January 12007 62 years) (Table 3). Table 3 gives an overview of the distribution of subsequent
cancers according to the type of the first and subsequent cancers. The shortest time interval
between the first and second cancer was observed among survivors with a first urinary tract
cancer (1 year), the longest time interval was found for those with Hodgkin's disease survivors
(6 years). Overall, in 2007 the patients with MMs had lived with cancer (from the first diagnosis
onwards) for 8 years (median), ranging from a median of 6 years for prostate cancer patients to
a median of 11 years for survivors of Hodgkin's disease. The lowest proportion of subsequent
cancers was found among first male genital cancers, being only 3%. The highest proportions
were observed for urinary tract cancer (15%), mouth and pharynx cancer (12%), squamous cell
carcinoma of the skin (10%) and colorectal cancer (9%).

In absolute terms, multiple cancers were most frequent among survivors of female breast cancer
(n=>5,774), colorectal (n=5,169) and prostate cancer (n=3,862).The most frequent combinations
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Table 3 continued

' The percentage from the total first malignancies 2 Upper Gl includes: esophagus, stomach, small intestine

3 Male genital: testis, penis and other male genital organs * Other: includes: carcinoid, appendix, eye & adnexa,
thymoma, thymus, Central Nervous System (CNS) ®* Other includes: esophagus, stomach, small intestine, liver,
gallbladder,biliary tract, pancreas, lung, bronchus, and trachea, mesothelioma, bone and joint, Kaposi sarcoma,
skin other, brain & other CNS tumors, endocrine glands, other hematolymphopoetic malignancies, thymus,
eye and adnexa, base of tongue Note: bold numbers are either the highest percentage among all subsequent
tumours or share of subsequent tumours at the same site or tract as the first cancers

a Breast
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Prostate
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Skin. squamous cell carcinoma
Female genital
Renal pelvis. urethra and bladder
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Mouth and pharynx
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b Skin, squamous cell carcinoma
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Figure 1. (a) Frequency rank of first cancers among patients with multiple malignancies, alive on January 1 2007, (b) Frequency rank of
second cancers among patients with multiple malignancies, alive on January 1 2007 and (c) frequency rank of third and higher order
cancers among patients with multiple malignancies, alive on January 1 2007.

Source: Netherlands Cancer Registry
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between first and subsequent cancers were as follows 1) breast and female genital cancers (any
order), 2) urinary tract and prostate cancers (any order), 3) Hodgkin’s lymphoma and subsequent

breast cancer, 4) non-Hodgkin’s lymphoma and subsequent squamous cell skin cancer.

The frequency ranks of the first, second, third, fourth and higher-order cancers are shown in
Figures 1A-C. The most commonly occurring second cancers were squamous cell cancer of
the skin (n=5,468), colorectal cancers (n=4,634), and breast cancers (n=3,959). Higher order
cancers (> 3) were most frequently found for cancers of the skin (squamous cell skin cancer,
n=579), colon and rectum (n=333), and urinary tract (n=308).

DISCUSSION

This study assessed the burden of MMs in terms of prevalence within the Dutch population, of
which the average incidence of cancer was 404 (per 100,000) from 1989-2006> and exhibited a
5-year crude survival of 60% in the period 2003-2007%. The prevalence of MMs included current
survivors with at least one subsequent cancer diagnosis after a first invasive cancer within the
observation period from 1989 to 2006. With a median follow-up time of 8 years, 30,064 patients
were diagnosed with MMs, representing 7% of all cancer survivors on January 1 2007 in the
Netherlands. A previous study in the USA reported 8% of cancer survivors had MMs in 20023.
The most common subsequent cancers were cancers of the skin (squamous cell skin cancer),
colorectal cancer and female breast cancer. The prevalence of subsequent cancers is influenced
by the age at first diagnosis, incidence and survival of the first and subsequent cancers, and the
maximum and median length of follow-up time (e.g. history of cancer registry). The three most
common subsequent cancers mentioned above are those with high incidence and a relatively
good prognosis (5-year relative survival >50%) in the Netherlands?. Although lung cancer is one
of the most common cancers and shares its main risk factor (smoking) with many other cancers, it
contributes little to the prevalence of MMs because of its poor prognosis (5-year survival ~10%)%.
The current population with MMs was composed mainly of elderly subjects (median age,74
years). The average age at diagnosis of first cancer was 65 years. The treatment of second or
higher order cancers is complex due to old age and co-morbidity and might need to be tailored
individually®®3'. The youngest patients with MMs had Hodgkin’s lymphoma (55 years) and male
genital cancer (62 years) as a first primary. Their young age at first cancer diagnosis (40-50 years)
combined with the good prognosis (10-year relative survival is 75-95%) led to a long life expec-
tancy after first diagnosis®. However, the risk of developing a subsequent cancer was 1.4 to 3.0
times higher compared to the general population?34, It is plausible that prevention by means
of lifestyle changes (such as quitting smoking) might decrease this group’s risk of a second
cancer and other chronic diseases®*. However, the benefit and harm of intervention programs

(for either primary or secondary prevention) remain to be investigated"’.
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We observed four pairs of cancers that frequently occur together. It should be noted that this
observed association on prevalence should not be simply interpreted as a result of shared risk
factors, which is normally interpreted in the incidence data. Cancer prevalence is an interaction
of various factors such as risk of getting cancer (incidence), risk of dying from cancer (mortality)
and duration of time lived with cancer (survival) and many more. Therefore, the etiological link
between the first and subsequent merits attention, but should be considered only one of the
multitude of factors which determine the prevalence of MMs and, more particularly, the preva-
lence of specific combinations of multiple cancers. There are etiological theories concerning
the development of subsequent cancers: 1) specific treatment effects®®; 2) shared risk factors
between first and subsequent cancers (lifestyle or environmental factors'>3¢); 3) shared genetic
predisposition; and, 4) combinations of the above three> %37, Adverse effects of treatment (i.e.
radiotherapy) may explain the high prevalence of breast cancer among Hodgkin’s lymphoma
survivors®+, Although second lung cancer is also associated with radiotherapy® , the poor
prognosis of lung cancer contributed to its low proportion of multiple cancers in this cancer
type. Shared risk factors, e.g. hormonal risk factors such as nulliparity, obesity, and hormone-
replacement therapy, probably relates breast cancer to female genital cancers*'" *2. Moreover,
carriers of BRCAI/Il may contribute 2-5% in developing breast and ovarian cancers, especially
among younger patients®. As to the last theory, the combination of the previous three factors,
has hardly been studied and is difficult to explain with our data. In addition to the above general
theories, disease or treatment-induced immunosuppression may explain the high frequency of
squamous cell skin cancer after non-Hodgkin’s lymphoma*.

Finally and importantly, enhanced early detection programs (e.g. clinical follow-up and screen-
ing programs) may explain some of the high frequency cancer pairs, especially when the time
interval between the first and the second cancer diagnosis is short; for instance, in case of pros-
tate and urinary tract (usually bladder) cancer, the short interval between the first and the second
cancer diagnosis (=1 year) may reflect the common diagnostic process of these two cancers®.

Recent Dutch studies of long-term survivors of breast, Hodgkin’s and non-Hodgkin’s
lymphoma, prostate and endometrial cancer showed that disease progression (recurrence,
metastasis and detection of other primary cancers) negatively affects health status and qual-
ity of life?® %, Since data on quality of life among MMs patients is scarce, more studies are
needed before designing interventions to improve the quality of life in this population.

To our knowledge, this is the first population-based, nation-wide report on the prevalence
of MMs that includes all cancer types (excluding basal cell carcinomas of the skin). This en-
sures the representativeness and validity of the prevalence estimates.

Concerning the accuracy and completeness of cancer diagnoses in the NCR; most cases
were histologically confirmed cancers retrieved from the nation-wide pathology network
(PALGA) and therefore a high accuracy of cancer diagnosis may be expected. Furthermore,
the National Registry of Hospital Discharge Diagnosis system collected data on patients who

were only diagnosed clinically, which increases the completeness of the NCR data. Finally, the
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application of IARC/IACR rules for multiple primary cancers? facilitates external comparison
of the study results, as long as the same coding rules are applied.

The main limitation of the current prevalence data is the probable underestimation of MMs
cases. First, 18 years of follow-up does not yield the lifetime prevalence but represents about
90% of the full estimate®”. Second, 7% of ever diagnosed multiple cancer patients were lost
to follow-up, which may have led to an underestimate of prevalence. Third, we were unable
to include the most common cancer: basal cell carcinoma. Although this is the case in most
registries, if this cancer had been taken into account, higher MMs prevalence values would have
emerged. Finally, the coding rules that were used to record multiple primaries should be taken
into consideration when making cross-countries comparisons. For example, in USA, the Surveil-
lance, Epidemiology, and End Results (SEER) use different rules than those defined by IACR/
IARC*, Differences between the coding guidelines include: the existence of two or more pri-
mary cancers do not depend on time in the IACR/IARC guidelines, however, only metachronous
cancers (occurring 2 or more months after initial diagnosis) are recorded as separate primaries
in the SEER guidelines; furthermore, regarding cancers originating from paired organs (e.g.
ovary, Wilm’s cancer, Retinoblasma), SEER guidelines treat them as independent, whereas, the
IACR/IARC guidelines regard them as one single cancer unless a histological difference exists.
In general, the IACR/IARC guidelines are more restrictive than those applied by SEER. Moreover,
there are unresolved debates regarding coding of multiple primaries®. However, it is yet to be
investigated how such coding differences affect differences in recorded prevalence.

In conclusion, in 2007, 30,064 patients were alive with multiple malignancies, representing
7% of all cancer survivors and 0.2% of the total Dutch population. The estimate is subject to a
possible 10-15% of underestimation. As the number of cancer survivors continues to increase
by 3-5% annually and prognosis improves with each year survived*’, MMs are becoming more
important in the field of cancer surveillance.
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ABSTRACT

Background: Colorectal cancer patients are at higher risk for a second colorectal cancer. Yet

detailed risk analysis by sub sites is scarce.

Objective: To describe the risk for second cancers by sub sites among colorectal cancer
patients to underpin surveillance strategies.
DESIGN: prospective cohort from population-based cancer registry

Patients: Patients with a stage I-lll colorectal cancer (N=123,347) from the Netherlands

Cancer Registry were included.

Main outcome measures: Cumulative incidence, standardized incidence ratio, and absolute
excess risk for second primary cancers in sub sites of colon and rectum at 2-5, 6-10, and >10

years after the index cancer were estimated.

Results: The 20 -year cumulative incidence for second cancers in proximal-colon, distal-
colon, and rectum, was 3.5%, 1.2%, and 1.2 %, respectively. More than 60% of second cancers
occurred within 5 years after the index cancer. Among patients older than 50 years the
standardized incidence ratio was the highest in the proximal-colon (1.9 (95%Cl: 1.8 -2.0)),
followed by 1.0 (95%Cl: 0.9-1.1) in the distal-colon, and 0.9 (95%Cl: 0.8 -1.0) in rectum. The
corresponding absolute excess risks were 9, 0.1, and -1 per 10,000 person years. After 5 years
of follow-up, elevated risk was only observed in proximal-colon. Among patients younger
than 50 years, similar risk pattern was observed. In addition, the absolute excess risk for a
second cancer in proximal-colon increased over follow-up time. Stage distribution of the
second proximal-colon cancers worsened with longer follow-up.

Limitations: lack of data on polypectomy rates and interval of surveillance colonoscopies.

Conclusions: Individuals with a prior colorectal cancer are at a higher risk for a second can-
cer in all sub sites of colon and rectum compared to general population. Among long-term
survivors, risk remains elevated in proximal-colon. Further investigations are encouraged in

finding a suiTable surveillance modality for these aged, high-risk long-term survivors.

Key words: Colon-ascending; Colorectal Neoplasms; Second Primary
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INTRODUCTION

Colorectal cancer (CRC) is an important public health challenge because of its rising incidence,
the plans for mass screening in Europe, and its increasing survival. In the western world, CRC
is the second and third most common cancers among men and women, and the second lead-
ing cause of cancer death for both sexes’. The marked improving survival generates a higher
chance of developing a second lesion among CRC survivors in the past decades®*. In the
Netherlands, CRC is one of the most prevalent second cancers among cancer survivors(~9%
in 2007)°.

Individuals with a prior CRC are at higher risk for a second cancer in colon and rectum
compared to the general population®’. Therefore post-resection surveillance is crucial to
detect second lesions at an early stage. Studies showed that metachronous cancers that are
detected during colonoscopic surveillance are diagnosed at earlier stages compared to index
tumors, with high rates of potentially curative resection, and there is evidence that Intensive
follow-up after curative intent surgery for CRC improves survival®'?. Dutch patients with
CRC treated with curative intent are routinely followed until 5 years''. Yet the risk pattern of
second CRC has rarely been studied by follow-up periods especially beyond this period and
by sub sites.

This study analyzes risk for second primary cancers in proximal-colon, distal-colon, and
rectum among individuals with a prior CRC diagnosis with a maximum follow-up of 20 years

in order to underpin surveillance strategies.

MATERIAL AND METHODS

Data and patient selection

We used population-based data from the nationwide Netherlands Cancer Registry (NCR).
Data registration started in 1989 and is maintained and hosted by the Comprehensive Can-
cer Centers'. The NCR is based on notification of all newly diagnosed malignancies in the
Netherlands by the automated pathological archive (PALGA). An additional sources of patient
identification is the national registry of hospital discharge diagnoses, which accounts for up
to 8% of new cases' Information on patient characteristics - such as gender and date of birth
-as well as tumor characteristics - such as date of diagnosis, sub site (International Classifica-
tion of Diseases for Oncology (ICD-0-3)'3), histology, stage (Tumor Lymph Node Metastasis
(TNM) classification') and grade - are obtained routinely from the medical records at about
6-9 months after diagnosis. The quality of the data is high, due to thorough training of the
registrars and computerized consistency checks at regional and national levels. Complete-
ness is estimated to be at least 95%". In addition to passive follow-up via hospitals, date of
death is also retrieved from the Municipal Personal Records Database that contains all deaths
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or emigrations in the Netherlands since October 1994. For patients diagnosed before Octo-
ber 1994, follow-up was completed through NCR by merging the database with municipality
death records or with the Central Bureau for Genealogy, which registers all deaths in the
Netherlands.

We included new stage I-lll CRC case (N=123,347) diagnosed between1989-2008. Second
CRCs diagnosed within 1+t year after the initial cancer were excluded (N=1,441). Its frequency
was presented as appendix.

Sub site of colon and rectum

Anatomical sites of CRC at diagnosis were registered according to the International Clas-
sification of Disease-Oncology (ICD-0O). Sub sites of CRC is defined as proximal-colon, from
caecum to splenic flexure (ICD-O C18.0 to C18.5); distal-colon, from descending colon to
sigmoid colon plus other colon and NOS (ICD-O from C18.6-C18.8-9), and rectum,(including
recto-sigmoid and rectum (ICD-O C19, C20).

Definition of second cancers in colon and rectum

A second primary cancer must be in a different segment than the primary cancer irrespective
of time differences between the diagnoses of the two cancers. Cancers in the same segment
of the colon and rectum are regarded as the same malignancy, and are counted as one pri-

mary cancer'.

Statistical analysis

Due to possibly high rate of hereditary syndromes, patients younger than 50 years at initial
cancer diagnosis were analyzed separately (N=8,886).

We computed the cumulative incidence (Cl) of second primary cancers in the proximal-
colon, distal-colon, and rectum in the observing period of 20 years, treating other second
cancers as competing risks'.

The standardized incidence ratio (SIR) expresses the excess incidence of a second CRC
among patients with a first CRC relative to the background incidence among the general
population, that is the ratio between observed and expected number of patients with second
primary CRC.

The absolute excess risk (AER) expresses additional incidence beyond the background inci-
dence in the general population. The AER is defined as the difference between the observed
and the expected number of patients with second primary CRC, divided by number of person
years at risk, usually expressed per 10,000.

To compute the expected numbers, person years at risk for each of the sex-, age- (5-year
band), and calendar year-specific (1-year band) strata were multiplied by the corresponding
incidence rate in the general population and then summed across strata'. Person years at
risk in each cohort was calculated by summing individual follow-up times at the date of first
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cancer diagnosis until the occurrence of the second CRC, of other second cancer, end of study
(December 31 2008), or death, whichever came first. In our study, the maximum individual
follow-up time was therefore 20 years and the minimum follow-up time was one day.

SIR and AER of second primary cancers in proximal-colon, distal-colon, and rectum are
presented according to follow-up periods (2-5, 6-10, and >10 years) as well as sub sites of first
cancer (proximal-colon, distal-colon, and rectum).

We used Poisson regression to compute 95% confidence intervals (95%Cl). All statistical

analysis was performed in SAS system 9.1, SAS Institute, Cary, NC.

Sensitivity test

Almost every patient with stage I-lll CRC will undergo resection®. Therefore, a certain length
of the colon and rectum will be removed because of the treatment of the first cancer. It would
not be surprising to detect less second primary cancers on a smaller compared to on a larger
surface, resulting in an underestimation for SIR and AER. Therefore, we recalculated SIR and
AER also by sub sites for remaining surface area after surgery. The surface area-adjusted SIR
and AER are the excess risks to develop a second primary cancer on each 100 cm? of colon and
rectum among individuals with a prior CRC compared to their general population controls.

Surface area-adjusted expected numbers according to sub sites are the original expected
numbers divided by the surface area estimates for each site and expressed per 100 cm> We
applied surface area estimates of 1,321 cm? (length=67cm), 735 cm? (length=63 cm), and 110
cm? (length=14cm) for proximal-colon, distal-colon, and rectum, respectively'.

To calculate surface area-adjusted observed numbers, we assumed that on average 17cm
(15-20cm) of colon (either proximal or distal) and 9 cm of rectum are excised through surgery.
Hence, for patients with a first proximal-colon cancer, ((67-17cm)/67cm)*1,321cm?=986 cm?
of the proximal-colon is on average left after surgery where a second cancer can develop.
Likewise for patients with a first distal-colon cancer, ((63-17cm)/63cm)*735cm?=537 cm?’
of distal-colon is left, and for patients with a prior rectal cancer the post-surgery surface is
((14-9cm)/14cm)*110cm?=39 cm”. The average surface area among post-surgery CRC patients
is expressed by following formula, taking first cancer was diagnosed in proximal-colon as an
example: (986 cm? * number of patients with proximal-colon cancer+1,321 cm? * number of
patients with CRC located in distal-colon or rectum)/total number of patients. Likewise, aver-
age surface area in distal-colon and rectum were produced. Finally we calculated the surface
area-adjusted observed number divided by the average surface area calculated above and

expressed per 100 cm’,
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RESULTS

Of the 123,347patients with a first invasive CRC, 1.5% (1,849) developed a second primary
CRC one year after the initial cancer. Among them, 1,730 patients were over 50 years of age at
first cancer diagnosis, whereas 119 patients were diagnosed before 50 years. Compared with
the first CRC, second primary CRCs were more often located in the proximal-colon (55% vs.
34 %). On average patients developed a second CRC 3 years after the first cancer. There was
higher proportion of stage | cancers among second cancers compared to those first lesions
(28% vs. 24%). The median diagnosis interval between two CRCs was 44 months (IQR: 24-83

months) (Table 1&2).

Table 1 Characteristics of patients with a first and second colorectal cancer (CRC) in the Netherlands in

1989-2008
First CRC (N=123,347) Second CRC' (N=1,849)

Sex Men Women Men Women

Total Number 62,746 (51%) 60,601 (49%) 920 (53%) 929 (47%)

Location
Proximal -colon 18,830 (30%) 24,428 (40%) 489 (53%) 525 (57%)
Distal -colon 18,803 (30%) 17,240 (29%) 213 ,(23%) 215 (23%)
Rectum 25,113 (40%) 18,933 (31%) 218 (24%) 189 (20%)

Age at diagnosis (years)

Median (years, IQR?) 69 (61-76) 72(63-79) 73 (66-80) 77 (69-82)
<50 years 4,631 (7%) 4,255 (7%) 36 (4%) 28 (3%)
51-60 years 10,776 (17%) 8,536 (14%) 99 (11%) 65 (7%)
61-70 years 19,445 (31%) 14,729 (24%) 238 (26%) 178 (19%)
71-80 years 20,306 (32%) 20,196 (33%) 343 (37%) 357 (38%)
80+years 7,588 (12%) 12,885 (21%) 204 (22%) 301 (32%)

TNM Stage
| 16,048 (26%) 14,147 (23%) 271 (29%) 247 (27%)
1 26,260 (42%) 26,082 (43%) 285 (31%) 315 (34%)
1l 20,438 (32%) 20,372 (34%) 174 (19%) 185 (20%)
\% na. na. 124 (14%) 106 (11%)
Unknown na. na. 46 (7%) 76 (8%)

Follow up periods
2-5 years na. na. 592 (64%) 560 (60%)
6-10 years na. na. 215 (23%) 259 (28%)
>10 years na. na. 113 (12%) 110 (12%)

Source: Netherlands Cancer Registry
'Total person years at risk: 582,648,

?IQR: interquartile range

n.a.: not applicable
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Table 2 Diagnosis interval (median in months, (interquartile range)) between the first and the second
primary colorectal cancer (CRC) (N=1,849)

First CRCin
Proximal -colon Distal -colon Rectum
Second CRCin Men Women Men Women Men Women
Proximal -colon 56 (29-99) 51(29-89) 45 (22-86) 59(29-102) 50 (27-94) 62(30-110)
Distal -colon 37 (20-67) 33(19-58) 42(21-81) 40 (29-82) 41 (26-60) 32(22-67)
Rectum 37(22-72) 42 (24-73) 41(21-59) 31(19-72) 30 (20-44) 42(19-62)

Source: Netherlands Cancer Registry

Patients older than 50 years
The 20 -year cumulative incidence for second cancers in proximal-colon, distal-colon, and
rectum, was 3.4%, 1.2%, and 1.2 %, respectively (Figure 1.a).

The standardized incidence ratio (SIR) was the highest with 1.9 (95%CI: 1.8 -2.0) in the
proximal-colon, followed by 1.0 (95%Cl: 0.9-1.1) in the distal-colon, and 0.9 (95%Cl: 0.8 -1.0) in
the rectum. The corresponding absolute excess risks (AER) were 9, 0.1, and -1 per 10,000 person
years (Figure 2.1.a.).

The highest SIR and AER for a second cancer were observed in proximal-colon following
a first cancer in distal-colon (SIR=2.6; 95%Cl: 2.2 -2.8 AER=13.4 per 10,000 person years)
(Figure2.1.b.).

Proximal-colon

Cumulative incidence (%)

Distal-colon

1] 10 20

Years of follow-up
Source: Netherlands Cancer Registry

Figure1 a. Cumulative incidence (20-year) of second cancers in proximal-colon, distal-colon, and rectum
among patients > 50 years of age (N=1,730)
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Figure 2.1 a. Standardized incidence ratio (SIR) and absolute excess risk (AER, per 10,000 person years)
of second primary cancers in proximal- colon, distal-colon, and rectum among patients > 50 years of age
(N=1,730)
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Figure 2.1 b Standardized incidence ratio (SIR) and absolute excess risk (AER, per 10,000 person years) of
second primary cancers in proximal- colon, distal-colon, and rectum according to sub sites of first cancer
among patients > 50 years of age (N=1,730)

Both SIR and AER were statistically significantly higher in proximal-colon compared to distal-
colon and rectum in each of the respective follow-up period (2-5, 6-10, and > 10 years). Up to 5
years of follow-up, elevated excess risk (i.e. SIR >1 and AER>0) was observed in proximal-colon,
distal-colon, and in rectum. After 5 years of follow-up, elevated SIR and AER were only observed in
proximal-colon with a SIR of 1.6 (95%Cl 1.5-1.7) and an AER of 15 per 10,000 person years, whereas
the risk for second cancer in distal-colon and in rectum became lower compared to the general
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Figure 3.1 b Standardized incidence ratio (SIR) and absolute excess risk (AER, per 10,000 person years) of
second primary cancers in proximal-colon, distal-colon, and rectum by follow-up periods (2-5, 6-10, and
>10 years) and by sub sites of first cancer among patients > 50 years of age (N=1,730)

population (i.e. SIR <1 and AER<O) (Figure3.1.a.). The long-lasting higher risk in proximal-colon
was shown under each of the sub sites of first cancer (Figure3.1.b.)

Patients younger than 50 years
The 20 -year cumulative incidence for second cancers in proximal-colon, distal-colon, and
rectum, was 2.0 %, 0.8 %, and 0.5 %, respectively (Figure 1.b).

The standardized incidence ratio (SIR) was the highest with 6.9 (95%Cl: 5.2 -8.9) in the
proximal-colon, followed by 4.0 (95%Cl: 2.7-5.6) in the distal-colon, and by 2.3 (95%Cl: 1.5 -3.4)
in the rectum. The corresponding absolute excess risks (AER) were 7.9, 4.1, and 2.6 per 10,000
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person years (Figure 2.2.a.). The highest risk for a second cancer was observed in proximal-
colon following a first proximal-colon cancer (SIR= 9.6 (95%Cl: 2.2 -2.8); AER =10.2/10,000)
(Figure2.2.b.).Up to 10 years of follow-up, elevated risk for a second cancer was observed in
both proximal-colon and distal-colon. After 10 years, higher risk (i.e. SIR >1 and AER>0) for a
second cancer only remained in proximal-colon with SIR was 5.5 (95%Cl 3.2-8.7) and with AER
was 12.4 per 10,000 person years. The absolute excess risk (AER) for a second cancer in proximal-
colon increased from 6.6 to 12.4 per 10,000 person years along follow-up time, whereas AERs
decreased in distal-colon as well as in rectum from 7 to 2 and from 6 to zero per 10,000 person
years, respectively (Figure3.2.a.). When stratifying according to sub sites of first cancer, the
increasing AER for a second cancer in proximal-colon was mainly pronounced in patients with a
prior cancer in the rectum changing from 4 to 14 per 10,000 person years (Figure3.2.b.).

Stage of second cancer in proximal-colon worsened over follow-up time: the proportion
of stage Il and stage IV second cancers rose from 31% after the first year of follow-up to 38%
after 10 years of follow-up (Figure 4).

In the sensitivity analysis, higher and persistently increased risk (i.e. SIR and AER) for second
cancer in proximal-colon were still observed after adjusting for post-resection surface differences
in proximal-colon, distal-colon, and the rectum. However, risks in distal-colon and in rectum were

not any more significantly lower than the general population 5 years after first CRC diagnosis.
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Figure 3.2.a Standardized incidence ratio (SIR) and absolute excess risk (AER, per 10,000 person years) of
second primary cancers in proximal-colon, distal-colon, and rectum by follow-up periods (2-5, 6-10, and
>10 years) among patients <50 years of age (n=119)
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Figure 3.2.b Standardized incidence ratio (SIR) and absolute excess risk (AER, per 10,000 person years) of

second primary cancers in proximal-colon, distal-colon, and rectum by follow-up periods (2-5, 6-10, and
>10 years) and by sub sites of first cancer among patients < 50 years of age (N=119)
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Figure 4 Stage distribution of second primary cancer in proximal-colon by follow-up periods (2-5, 6-10,
and >10 years) (N=1,849)
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Sensitivity test: Surface adjusted standardized incidence ratio (SIR) and absolute excess risk (AER, per
10,000 person years) of second primary cancers in proximal-colon, distal-colon, and rectum by follow-up
periods (2-5, 6-10, and >10 years) (N=1,849)

Note: surface estimate is 1,321 cm? (length=67cm), 735 cm? (length=63 cm) and 110 cm? (length=14cm) for
proximal, distal colon and rectum respectively (Stang A, Kluttig A. Etiologic insights from surface adjustment of
colorectal carcinoma incidences: an analysis of the U.S. SEER data 2000-2004. Am J Gastroenterol 2008;103:2853-
2861). We assumed 17 cm of colon (either proximal or distal) and 9 cm of rectum were excised during surgical
treatment of the first colorectal cancer.

DISCUSSION

Compared to general population, elevated risk for cancer was observed in all sub sites of
colon and rectum among individuals with a prior colorectal cancer. More than 60% of second
CRCs occurred within 5 years after the index cancer. Among long-term survivors (i.e. >5 years)
elevated excess risk for a second cancer remained in proximal-colon and the stage of these
proximal-located lesions worsened with increasing follow-up time. In patients younger than
50 years, similar risk pattern was observed however, interestingly, the absolute risk for a
second cancer in the proximal-colon increases over follow-up time. We tried in the sensitiv-
ity test to minimize influence of post-resection surface differences in sub sites of colon and
rectum on risk estimates, whereas finding on each 100 cm? risk pattern remains similar. These
findings accord with two previous studies performing similar analyses®2'.

Part of the excess risk for a second CRC can be explained by a surveillance effect during 2-5
years of follow-up. According to the Dutch clinical guidelines, patients with CRC (excluding
those with stage IV CRC) are routinely followed up to 5 years''. Hence, during this period of
time, asymptomatic lesions are more likely to be found in this patient group compared with
the less often checked general population resulting in higher SIRs and AERs. As cancers in

the proximal-colon remain often asymptomatic until causing anemia, their higher excess risk
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is expected as compared to cancers in the distal-colon and in the rectum. Furthermore, we
also observed that second CRCs diagnosed during this surveillance period underwent better
staging compared with the first CRCs (results not shown), which might due to more frequent
check-up hence lead to early detection of those second lesions (N=1,152).

Among long-term survivors (i.e.>5 years), proximal-colon is the only site with a higher
risk for a second primary cancer compared to their general population controls (i.e. SIR=1.6
(95%Cl 1.5-1.7) and an AER of 15 per 10,000 person years) (only refer to patients older than
50 years). Patient age increases from a median of 69 years at first diagnosis to a median age
of 77 years at the second cancer (results not shown). This finding accords with the theory and
observation that aging increases risk of lesions in proximal-colon?2* In combination with
the worsened stage over follow-up time in this site of the colon, our results may point to
the need for an extended follow-up schedule beyond 5 years. However, at this point in time,
patients are well over 75 years of age. Advanced age is an independent risk factor for adverse
events (i.e. pulmonary complications and perforation) during colonoscopy®. Therefore, the
benefits of colonoscopic surveillance of this extreme age group may no longer outweigh
the possible risks related to screening. In UK, colonoscopic surveillance would cease when
patient is around 75 years of age or when the patient is clearly unfit for further intervention?.
In combination with the fact that co-existing conditions is often found in older patients (68%
V'S 42%; >65 years VS <65 years), which altered their treatment and prognostic feature as well
as possible surveillance strategies?. Further investigations should be encouraged in finding a
suiTable surveillance tool/modality in these elderly, high-risk long-term survivors?#2°,

Recognizing the higher risk of second cancers in the proximal-colon is of consider-
able clinical significance. First of all, due to the high miss rate of cancers/adenomas in the
proximal-colon at colonoscopy, our results may prompt clinicians to pay extra attention to
right colon at diagnosis and during post-resection surveillance®. Secondly, the long-lasting
(i.e. >5 years) elevated relative and absolute risk in the proximal-colon suggests a possible
benefit of long-term follow-up schedule. However, due to the advanced age of these patients
(average: 77 years), special attentions should be paid on balancing the harm and benefits of
early detection programs in this group.

Among patients younger than 50 years, though the high and long-lasting risk for a second
cancer was still found in the proximal-colon, much higher relative risks (i.e. SIR> 5) were
shown compared to that found in older patients. These high SIRs coinciding with moderately
elevated absolute risks (AER) reflect the low CRC background incidence rate in this age group
in general population as well as the small number of patients with a second CRC (N=119). Of
importance, the rising trend of absolute risk for a second cancer in proximal-colon further
emphasizes the need for a long-term follow-up schedule for this population in particular.

Limitation of the study is lack of data polypectomy rates and interval of surveillance colo-
noscopies, which may give further explanation for the observed risk estimates. However, The
Netherlands Cancer Registry provided rich and accurate population-based data, supporting
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the representativeness and validity of the results. Detailed subgroup analysis provided sound
basis for group-specific follow-up guidelines. Adjustment for post-resection surface in sub
sites of colon and rectum increased precision in SIR and AER estimates.

CONCLUSION

Individuals with a prior colorectal cancer are at higher risk for a second cancer in all sub
sites of colon and rectum. Among long-term survivors, elevated risk was observed only in
proximal-colon. However, due to the advanced age of this population, further studies on a
suiTable surveillance modality should be encouraged.
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Chapter 2.2

ABSTRACT

Background: Melanoma patients are at increased risk of developing a subsequent mela-

noma.

Objectives: To estimate risks of developing a second primary in situ or invasive cutaneous
melanoma after a first melanoma, between 1989 and 2008.

Methods: Patients were followed until diagnosis of a second melanoma, date of death or end
of study. Cumulative risks, standardized incidence ratio (SIR, observed second melanomas
divided by background age-, calendar- and sex-specific incidence rates of melanoma, as
recorded in the Netherlands Cancer Registry) and absolute excess risk (AER, observed minus

expected per 10,000 person-years) of second melanomas were calculated.

Results:In total, 10,765 in situ and 46,700 invasive melanoma patients were included. Cumu-
lative risks of a second invasive melanoma after a first in situ or invasive melanoma at 20 years
of follow-up were 6.2% and 5.0%, respectively. Relative risk of developing any melanoma (in
situ or invasive) after any first melanoma (SIR) was 12.4 [invasive after invasive melanoma;
95% Confidence Interval(Cl) = 11.6-13.2] to 26.4 [in situ after in situ melanoma; 95% Cl =
22.6-30.7] fold increased compared to the general population. SIRs and AERs remained
elevated up to 20 years after the first melanoma.

Conclusions:This study shows significantly increased long-term risks (both relative and

absolute) of developing a second invasive melanoma after a first melanoma (invasive and in
situ) which might serve as a basis for follow-up guidelines.
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INTRODUCTION

The incidence rate of cutaneous melanoma (melanoma) in Europe has increased annually in
the last 50 years'. In the Netherlands, the European standardized incidence rate has almost
doubled between 1989 and 2008 from 11 per 100,000 person-years to 22 with an Estimated
Annual Percentage Change of 4.1% (95% Confidence Interval: 3.6 — 4.5)2 This rising trend
has been reported previously in several studies'*®, and is usually attributed to increased sun
exposure in the general population, especially at young ages. The majority of melanomas
are detected in early stages?, when simple excision often results in cure. Consequentially,
survival rates are relatively high (in the time period 2004-2008 the 10-year relative survival
of melanoma in the Netherlands was 77% and 88% for males and females, respectively)2.
Thirty percent of melanoma patients report symptoms of psychological distress®. Second
melanomas detected among melanoma patients who were not under active follow-up had
a higher Breslow thickness compared to those in follow-up’, suggesting a beneficial effect,
although methodological difficulties in that study preclude an unequivocal conclusion.

The melanoma guideline in the Netherlands advises different follow-up schemes for cutane-
ous melanoma patients depending on Breslow thickness: patients with melanomas with a
Breslow thickness of less than 1 millimeter (mm) require a single control visit, one month
after treatment; 1 to 2 mm are advised a follow-up time of 5 years and more than 2 mm are
advised to be in follow-up for 10 years (www.cbo.nl, accessed 1 February 2012; Guideline
Melanoma of the skin, 2005). Internationally, follow-up guidelines vary considerably, from
one control visit one month after treatment in the Netherlands, to lifelong annual follow-up
visits for all stage | melanomas in Australia / New Zealand?, which suggests a perception of
the underlying risk. Follow-up schemes for in situ melanoma patients have not been formu-
lated in the Dutch guideline.

In this study we investigated the risk pattern of second primary cutaneous melanomas
among patients with melanoma (both invasive and in situ) in the Netherlands, by duration of
follow-up, in order to provide information for optimal follow-up guidelines.

MATERIALS AND METHODS

Data

The population-based Netherlands Cancer Registry (NCR) provided incidence data of all
patients diagnosed with in situ (International Classification of Diseases (ICD)-10 D.03) and
invasive (ICD-10 C.43) cutaneous melanoma between 1989 and 2008. Information on vital
status was obtained by linkage with the Dutch Municipality Register. Recurrence data were
not collected. Detailed description of data has been described elsewhere? Locations of the in
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situ and invasive melanomas were subdivided in the categories head and neck, trunk, arms,
legs, other (including genital region) and unknown. The most common histopathological
subtypes of melanoma were categorized (superficial spreading melanoma, nodular mela-
noma, acrolentiginous melanoma, lentigo maligna melanoma, lentigo maligna, melanoma
in situ and other). Breslow thickness was categorized into 5 categories: lower than or equal to
1 mm, 1.01 - 2.0 mm, 2.01 — 4.0 mm, higher than 4 mm and unknown. Tumour stage was not
used as the criteria have changed repeatedly in the past.

Patient selection

Patients diagnosed with an either in situ or invasive cutaneous melanoma between 1989 and
2008 were included. Person-years at risk were calculated as time from first cancer diagnosis
until the diagnosis of a second primary melanoma (for invasive and in situ, separately), date of
death or end of follow-up (December 31 2008), whichever comes first. Of note, all the second
melanomas were included. For instance, after a first melanoma diagnosis, if the second can-
cer is non-melanoma cancer and the third is melanoma, this melanoma is included, and so
forth for other rank cancers. Patients were excluded if other invasive cancers were diagnosed
before the first primary melanoma.

Statistical analysis

To analyze heterogeneity in characteristics (sex, tumour location, Breslow thickness and
histopathological subtype) between first primary invasive melanomas and second primary
melanomas the Chi-square test was used. Cumulative risk of second melanoma up to 20 years
after diagnosis of the first melanoma was calculated taking the competing risks invasive can-
cers (other than melanoma) and death into account®. The standardized incidence ratio (SIR)
is the ratio between the observed number of second melanomas and the expected number
from the general population. It is a useful multiplicative measure for determining excess risk
of second melanoma relative to the background risk in the general population. To derive
the expected numbers, person-years under age-specific (5-year band), calendar-specific
(1-year band) and sex-specific stratum were multiplied with the corresponding background
incidence rate from the general Dutch population. SIR > 1 indicates the risk of developing a
second melanoma is higher among melanoma patients than the general population. Abso-
lute excess risk (AER), is an additive measure for determining additional incidence beyond
background incidence due to occurrence of second melanoma. It is expressed as the dif-
ference between the observed number and the expected number per 10,000 person-years
(i.e. (O-E) / person-years at risk x 10,000). Both SIR and AER were illustrated under follow-up
periods of 0-1 year, 2-5 years, 6-10 years, 10-15 years and 16-20 years after the first melanoma
diagnosis. The 95% Cl was under Poisson distribution and the statistical significance level was
estimated at two-sided at 0.05.
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RESULTS

Cohort characteristics

Of the 57,465 patients with a first primary melanoma (10,765 in situ and 46,700 invasive con-
ditions), 3.2 % (n=1,840) developed a second primary melanoma between 1989 and 2008.
The majority of second melanomas (71%) were invasive (n=1,301). Median follow-up time for
in situ melanoma patients was 5.4 years (Interquartile range (IQR) = 2.3-9.9 years; male) and
6.1 years (IQR = 2.7-10.7 years; female) and for invasive melanoma patients 4.2 years (IQR =
1.7-8.9 years; male) and 5.6 years (IQR = 2.3-10.8 years; female).

Table 1 shows the characteristics of the first and second melanomas among the in situ and
invasive melanoma patients with second primary melanomas. Median age of the first in situ
melanoma was 64 years (Interquartile range (IQR) = 52-74 years) and of the first invasive
melanoma 52 years (IQR = 40-64 years) of age, respectively. First in situ melanomas were most
frequently (61%) located in the head / neck area, whereas first invasive melanomas were most
frequently located on the trunk (36%). Frequently occurring / common histopathological
subtypes of the first and second invasive melanomas were superficial spreading melanoma
(SSM, 57% and 67% respectively) and nodular melanoma (NM, 13% and 9% respectively).
First and second in situ melanomas were predominantly lentigo maligna (62% and 76%, re-
spectively). On average, second melanomas were thinner than the first invasive melanomas.
In the majority of the cases second melanomas occurred in the first 5 years after the first
melanoma diagnosis. Gender differences of patients with a second primary melanoma are
shown in Supplementary (Table S1).
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Table 1 Characteristics of patients with second melanomas after a first in situ or invasive melanoma,

1989-2008
1%in situ melanoma® 1%invasive melanoma®
n % Medianage (yr)(IQR) n % Medianage (yr) (IQR)
Number patients with 2 Total 471 44 64 (52-74) 1,369 2.9 52 (40-64)
melanoma Secondinsitu 173 367 70(60-79) 366 267  60(46-72)
Secondinvasive 298 633 69 (55-78) 1,003 733 55 (43-66)
Site of 1*melanoma Head 287 60.9 68(61-77) 208 15.2 64 (50-75)
Trunk 74 157 52(42-63) 498 364 49 (39-60)
Arms 56 119 53(38-64) 285 208 54(42-65)
Legs 50 106 50(35-67) 359 26.2 48 (36-60)
unknown/other 4 08 67 (65-75) 19 14 55 (41-64)
Site of 2 in situ melanoma Head 118 682 73(64-81) 104 284 72(62-80)
Trunk 11 64 60 (44 - 63) 98 268 54 (42-63)
Arms 17 98 61(52-71) 85 232 62(49-73)
Legs 25 145 55(45-72) 78 213 50(38-62)
unknown/other 2 12 76 (75-77) 1 03 63 (63-63)
Site of 2™ invasive melanoma Head 144 483 75 (67 -82) 167 16.7 64 (48-77)
Trunk 60 20.1 57 (45-68) 361 36.0 54(43-63)
Arms 41 138 67 (57-76) 216 215 56 (44 - 69)
Legs 47 158 59(43-71) 254 253 52(41-63)
unknown/other 6 20 51(38-68) 5 05 65 (54-75)
Histopathological subtype 1+ NMe 1 02 73(73-73) NM 181 132 56 (41-66)
melanoma SSMe 47 100 50(36-63) SSM 776 567 49(38-60)
LM 291 61.8 68(61-77) LMM 52 38 70(62-78)
MEL IN SITU 113 240 49 (40- 63) MM NOS 304 222 51(41-65)
ALM< 1 02 54 (54 -54) ALM 8 06 67 (59-78)
other 18 38 70(62-73) other 48 35 60(52-69)
Histopathological subtype 2"in SSM¢ 11 64 65(54-77) SSMe 29 79 56 (46 - 65)
situ melanoma M 131757 73(63-80) M 147 402 71(59-78)
MEL IN SITU 29 168 56 (44 - 68) MEL IN SITU 185 50.5 51(41-63)
ALMe 1 06 67 (67 -67) ALMe 1 03 32(32-32)
other 1 06 2(52-52) other 4 1 70 (62 - 80)
Histopathological subtype 2 NM 29 97 72(62-81) NM 91 91 54 (40-69)
invasive melanoma SSM 134 450 62(46-72)  SSM 667 665  54(42-64)
LMM 59 198 5 (64-80) LMM 42 42 69 (62-79)
MM NOS 59 198 68(52-81) MM NOS 164 164 54(43-70)
ALM 0 00 NA ALM 4 04 59(52-71)
other 17 57 71(69-78) other 35 35 62 (55-74)
Breslow thickness 1#invasive melanoma‘ <Tmm 586 555 49(39-61)
1.01-2.0mm 230 218 54 (46 - 66)
2.01-40mm 142 135 59 (46-70)
>4mm 62 59 65(56-72)
Unknown 35 33 54(40-73)
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Breslow thickness 2" invasive < 1mm 176 61.8 64 (49-75) <1mm 660 703 54 (43 - 65)
melanoma 1.01-20mm 4 147 73(59-82) 101-20mm 160 170  56(44-67)
2.01-40mm 34 119 77 (69-81) 2.01-40mm 55 59 64(51-77)
>4mm 14 49 79(67-93) >4mm 34 36 72(57-82)
Unknown 19 6.7 71(63-80) Unknown 30 32 57 (46-71)
Time to 2" in situ melanoma 0-1year 40 231 NA 134 366 NA
2-5years 75 434 NA 134 366 NA
6-10years 43 249 NA 61 167 NA
11-14 years 12 69 NA 28 77 NA
15 - 20 years 317 NA 9 25 NA
Time to 2" invasive melanoma  0- 1 year 53 17.8 NA 312 311 NA
2-5years 125 41.9 NA 347 346 NA
6-10years 74 248 NA 221 220 NA
11-14 years 36 121 NA 9 94 NA
15 - 20 years 10 34 NA 29 29 NA

Source: Netherlands Cancer Registry

Total cohort of 10 765 in situ melanoma patients at risk; Person-years at risk 73 743; Median follow-up time
males 5.4 years [IQR 2.3-9.9] and females 6.1 years [2.7-10.7]. ® Total cohort of 46 700 invasive melanoma patients
at risk; Person-years at risk 301 758; Median follow-up time males 4.2 years [IQR 1.7 - 8.9] and females 5.6 years
[2.3 -10.8]. In situ melanoma with (erroneous) invasive morphology code. ¢ Only Breslow thickness available in
time period 1993 - 2008. Abbreviations: IQR’= Interquartile range,'NM'= Nodular melanoma, ‘SSM'= Superficial
spreading melanoma, ‘LM’= Lentigo Maligna, LMM'= Lentigo Maligna Melanoma, ‘MEL IN SITU’= Melanoma

in situ,'MM NOS'= Malignant melanoma not otherwise specified,’ALM'= Acrolentiginous melanoma,‘mm’=
millimeter, 'NA'= not applicable.

In Table 2 the characteristics of the first and second invasive melanomas are compared.
Patients’ sex distributions of the first and the second primary melanomas were comparable.
The localisation distribution differed significantly; second melanomas were more likely to
occur in the head region than the first melanomas (24% vs. 13%, p<0.0001 with 4 degrees of
freedom) as is confirmed by the significantly higher proportion of lentigo maligna melanoma
(LMM) among the second melanomas (8% versus 3%). Second primary melanoma showed a
higher frequency of superficial spreading melanoma (SSM) compared to the first melanoma
(62% and 55% respectively, p<0.0001 with 5 degrees of freedom). The Breslow thickness of
second melanomas was less than or equal to 2 mm in 85% of the cases compared to 75% in
the first melanoma group. Thick melanomas (>4 mm) were more common in the first invasive

melanoma group (8% vs. 4%, p<0.0001 with 4 degrees of freedom).
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Table 2 Comparison of tumour characteristics of the first invasive melanoma and a second primary

invasive melanoma

1**melanoma (n)?

%

2" melanoma (n)

%

p-value® (degrees of freedom)

Sex

Male 19,664 42.1 569 437 0.2407 (1)
Female 27,036 57.9 732 56.3

Site of melanoma

Head 5,866 126 311 239 <0.0001 (4)
Trunk 16,156 346 421 324

Arms 8,865 19.0 257 19.8

Legs 13,864 29.7 301 23.1

unknown / other 1,949 4.2 n 09

Histopathological subtype

NM 6,546 14.0 120 9.2 <0.0001 (5)
SSM 25,576 54.8 801 61.6

LMM 1,332 29 101 78

MM NOS 10,999 236 223 17.1

ALM 382 0.8 4 03

other 1,865 4.0 52 40

Breslow thickness

<1mm 21,276 549 836 68.3 <0.0001 (4)
1.01-20mm 7,952 205 202 16.5

2.01-40mm 5,061 13.0 89 73

>4mm 3111 8.0 48 39

Unknown 1,384 36 49 4.0

Source: Netherlands Cancer Registry

2All first invasive melanomas in the database, regardless of occurrence of a second melanoma in the same

patient. °Chi-square test. Abbreviations:'SSM'= Superficial spreading melanoma, 'NM’= Nodular melanoma,

‘LMM’= Lentigo Maligna Melanoma, ‘ALM’= Acrolentiginous melanoma, ‘mm’= millimeter.

Cumulative risk

The 5-year cumulative risk of getting a second invasive melanoma after a first in situ or first

invasive melanoma was 2.1% and 1.8%, respectively, 10-year cumulative risk was 3.7% and

3.0%, 15-year cumulative risk was 5.2% and 4.0% and 20-year cumulative risk was 6.2% and

5.0%. The cumulative risk of developing a second primary in situ or invasive melanoma in-

creased constantly with follow-up time (follow-up time 0-20 years) (Figure 1). Cumulative

risk of an invasive melanoma after a first invasive melanoma was consistently higher for

females than for males (Figure 2).
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—— Second invasive melanoma
£ Second in sifu melanoma

Cumulative risk (%)

0 ; . ; i
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Time since first melanoma diagnosis (years)

Source: Netherlands Cancer Registry

Figure 1 (a) Cumuative risk of second melanomas after a first in situ melanoma

—— Second invasive melanoma
6 4 Second in sifu melanoma

Cumulative risk (%)

0 ; ;
0 5 10 15 20

Time since first melanoma diagnosis (years)
Source: Netherlands Cancer Registry

Figure 1 (b) Cumulative risk of second melanomas after a first inasive melanoma
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—— Female
Male

Cumulative risk (%)

0 i i : ]
0 5 10 15 20

Time since first melanoma diagnosis (years)
Source: Netherlands Cancer Registry

Figure 2 Cumulative risk of second invasive melanomas in male and female patients with invasive
melanomas

Standardized incidence ratio (SIR) and Absolute excess risk (AER)

SIRs of developing a second primary melanoma after a first melanoma were highest in the
first year after the first melanoma diagnosis for all groups (SIRs 16.5 [95% Cl = 11.0 - 24.0] -
53.7 [95% Cl = 40.2 - 70.4]) but remained elevated up to 20 years after the first melanoma
diagnosis (Table 3). Patients with an in situ melanoma were at increased risk of developing
a second in situ melanoma (SIR 26.4 [95% Cl = 22.6 - 30.7]) or second invasive melanoma
compared to the general population (SIR 15.4 [13.7 - 17.3]). SIR of an invasive melanoma after
an invasive melanoma was 12.4 [11.6 - 13.2] and SIRs of this group were consistently higher
for male patients compared to female patients, regardless of time since diagnosis. AERs were
highest in the first year after the first melanoma and decreased over follow-up time. The AERs
of an invasive melanoma after a first invasive melanoma were 36.4 / 10,000 (males) and 27.0
/ 10,000 (females) person-years, and after a first in situ melanoma 44.0 / 10,000 (males) and
34.4 /10,000 (females) person-years (Table 3).

DISCUSSION

This large population based study investigating risks of developing second melanomas in
cohorts of both in situ and invasive melanoma patients showed markedly increased total rela-
tive (12 to 26 fold) and absolute risks (11 to 38 per 10,000 person-years). These risks remained
increased for more than 15 years after the first melanoma diagnosis.
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In our data, 2.1% of patients developed a second primary invasive melanoma after a first inva-
sive melanoma and the average 20-year cumulative risk was 5.6%. Internationally, considerable
variations in incidence Figures of a second melanoma after a first melanoma (range proportions:
1.0% - 4.4% and cumulative risks: 5.0% - 8.1%) have been reported (Table 4)'*'¢, The SIRs in the
Netherlands were high compared to relative risks reported in other countries which varied from
3.4[95% Cl=1.9-5.6]t0 38.5[95% Cl =30.4 - 48.1] (Table 4)'">'7, Explanations should be sought
in underlying incidence rates (shared risk factors or detection), chance of survival after the first
cancer'® or diagnostic bias / misclassification. Besides, as the SIR is a ratio of incidence rates in the
cohort under study and the background population, the level of SIR will be strongly influenced
by background incidence rates, the high background incidence rates in Australia may explain
the lower SIR from Victoria, Australia''. A German study showed a high SIR of up to 38.5'3, prob-
ably caused by high numbers of second melanomas detected in a selected hospital-based study
population which were divided by cancer registry background incidence rates. Finally, estimates
will be influenced by the length of follow-up and degree of completeness of the cancer registry'.
The Netherlands Cancer Registry is assumed to be 98.3% complete?. At this moment only two
studies have calculated SIRs after a first in situ melanoma in which increased risks for more than
10 years after the first in situ melanoma were reported as well'®'>. However, the Swedish data were
relatively old and sample size was low. AER was calculated in two previous studies, our findings
accords with the previous studies'?'.

High incidence of melanoma in a group of melanoma patients might be related to high risk
factor exposure, but also to increased patients’and doctors’awareness, diagnostic bias or registry
artefacts. Slowly growing tumours are more likely to be discovered through this mechanism,
illustrating length-time bias'®?2. Previous studies observed high relative risks of developing a sec-
ond melanoma related to fair skin type, presence of many or atypical moles and family history /
genetic susceptibility of the melanoma patients, and modestly increased risks for patients whose
first melanoma was an in situ / lentigo maligna or invasive melanoma*? suggesting biologically
increased risks. The NCR does not have information on risk factors like phototype or sun exposure
and therefore we performed univariate analysis for age, sex, histopathological subtype, Breslow
thickness and tumour location to predict occurrence of second melanomas, however, none of the
above-listed factors yielded statistical significance (data not shown).

The histological interpretation of very small and difficult to interpret melanocytic lesions
from patients with a history of melanoma is likely to result in some melanoma overdiagnosis,
and in enrichment of the total group of second primary melanomas with exceedingly small
and thin lesions that have been inappropriately labelled as melanoma. Benign lesions that are
misclassified as melanoma could be a cause of, or contribute to, the melanoma ‘epidemic’?¢-%,
A recent paper stated that follow-up visits are an effective method to increase early detection
of melanoma’. However, the second melanomas in the follow-up group of this study were
extremely thin (mean Breslow thickness: 0.36 mm) or melanomas in situ, and could indeed

have included overdiagnosed small melanoma simulators. So, intensive follow-up visits
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might increase the risk of an inappropriate additional diagnosis of melanoma. Indications for
this phenomenon to occur is also present in our data (Table 1); we found that the majority
of the second melanomas were found in the first 5 years after the first melanoma diagnosis
when the most follow-up visits are scheduled. However, whether or not patients follow the
Dutch guideline follow-up visit scheme in our study is unknown.

Females could be at increased risk (Figure 2) of developing second melanomas compared
to males because of higher awareness. This increased risk could also correspond to the higher
incidence in females of primary melanoma in most European countries®, the better survival
of female melanoma patients?**° allowing females more time to develop a subsequent mela-
noma.

The increased risk of developing a second primary melanoma up to 20 years after the
first melanoma diagnosis might be an indication for more extensive follow-up programs, al-
though the effectiveness of follow-up programs in improving prognosis is controversial®3'=2,
Analyses on potential differences in survival of the group of multiple melanoma patients
versus the group with only one melanoma could give further information on the prognostic
importance of the diagnosis of a second melanoma. This data may shed light on importance
of increased surveillance of patients with a first primary melanoma.

Currently, there is not enough available evidence to prove efficacy of skin cancer screen-
ing***. Selecting and examining high-risk populations (for melanoma e.g., genodermatosis
including Familial Atypical Mole - Malignant Melanoma (FAMMM) syndrome) and perform-
ing full body skin examination of people visiting physicians (i.e., ‘case finding’ by clinicians)
might be the best strategy to decrease the burden of skin cancer®. Education of nurses or
physiotherapists could also be an important method to improve early detection®¢, but large
studies are lacking.

In addition to disease progression and psychological support, follow-up visits suggested
by malignant melanoma guidelines should include total body skin examinations to exclude
second primary melanoma, because this patient group is at a highly increased risk. A SIR
greater than 10.0 with an AER of more than 5.0 per 10,000 person-years is, in our opinion,
large enough to conclude that a history of either an in situ or invasive melanoma is a strong
risk indicator for detection of subsequent invasive melanomas and that both in situ and
invasive melanoma patients must be considered to be at high risk and patient education and
full body skin examinations should be performed during follow-up visits. Since the excess risk
is persistent in time (up to 20 years), the duration of current follow-up recommendations for
this indication remains debaTable. A melanoma follow-up study found a relatively low delay
in diagnosis when a follow-up schedule with lower frequency than current guidelines was
used*’. However, large randomized controlled trials investigating duration and frequency of
follow-up visits and follow-up procedures are suggested.

In conclusion, the risk of developing a second primary melanoma is elevated for at least 20

years after the first melanoma diagnosis. The explanation of this increased risk is multifacto-
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rial and includes genetic predisposition, shared environmental risk factors and overdiagnosis.
Nevertheless, patients and physicians need to be aware of the high and persistent risk of

developing second primary melanomas.
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Table S1 Supplementary: Characteristics of male and female patients with second melanomas after a
first in situ or invasive melanoma, 1989-2008

1%t in situ melanoma®

1*tinvasive melanoma®

Male %  Female % Male %  Female %
(n) (n) (n) (n)
Number patients with 2" Total 171 363 300 63.7 578 422 791 57.8
melanoma Second in situ 49 283 124 717 131 358 235 642
Second invasive 122 409 176 59.1 447 446 556 554
Site of 1* melanoma Head 12 655 175 583 107 185 101 128
Trunk 34 199 40 133 276 478 222 28.1
Arms 15 838 4 13.7 98 17.0 187 236
Legs 9 53 4 13.7 84 14.5 275 348
unknown / 1 0.6 3 1.0 13 22 6 0.8
other
Site of 2" in situ melanoma  Head 32 653 86 694 46 351 58 24.7
Trunk 7 143 4 32 4 313 57 243
Arms 4 8.2 13 105 26 19.8 59 25.1
Legs 5 10.2 20 16.1 17 13.0 61 26.0
unknown / 1 20 1 038 1 0.8 0 0.0
other
Site of 2" invasive Head 63 516 81 46.0 93 208 74 133
melanoma Trunk 33 2220 27 153 195 436 166 299
Arms 14 15 27 153 83 18.6 133 239
Legs 10 8.2 37 21.0 73 16.3 181 326
unknown / 2 1.6 4 23 3 0.7 2 04
other
Histopathological subtype ~ NM¢ 1 0.6 0 00 NM 9% 170 83 105
1*melanoma SSM 1 64 36 120 SSM 304 526 472 597
LM 112 655 179 59.7 LMM 18 3.1 34 43
MEL IN SITU 40 234 73 243  MMNOS 127 220 177 224
ALMe 1 0.6 0 00 AWM 4 0.7 4 05
other 6 35 12 40  other 27 4.7 21 27
Histopathological subtype ~ SSM¢ 4 82 7 56  SSMe " 84 18 77
2*in ity melanoma M 3 694 97 782 LM 54 412 93 396
MEL IN SITU 10 204 19 153 MELINSITU 64 489 121 515
ALM¢ 1 20 0 00 ALMe 0 0.0 1 04
other 0 0.0 1 0.8 other 2 15 2 09
Histopathological subtype ~ NM " 9.0 18 102 NM 55 123 36 6.5
2"*invasive melanoma SSM 49 402 85 483 SSM %69 602 398 716
LMM 24 19.7 35 199 LMM 18 4.0 24 43
MM NOS 27 221 32 182 MMNOS 81 18.1 83 14.9
ALM 0 0.0 0 00 ALM 3 0.7 1 0.2
other " 9.0 6 34  other 21 47 14 25
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Table S1 Supplementary (continued)

1% in situ melanoma? 1*invasive melanoma®
Male %  Female % Male %  Female %
(n) (n) (n) (n)
Breslow thickness 1¢invasive melanoma‘ <1mm 228 495 358 60.3

1.01-20mm 108 234 122 205
2.01-40mm 76 16.5 66 11

>4 mm 39 85 23 39

Unknown 10 22 25 42

Breslow thickness 2™ <1mm 65 56.0 m 657 <1mm 285 672 375 728
invasive melanoma® 1.01-20mm 20 172 2 130 1.01-20mm 76 179 84 163
201-40mm 17 147 17 101 201-40mm 29 638 26 50

>4mm 5 43 9 53 >4mm 19 45 15 29

Unknown 9 78 10 59  Unknown 15 35 15 29

Time to 2" in situ 0-1year 13 265 27 218 53 405 81 345
melanoma 2-5years 20 408 55 444 45 344 89 37.9
6-10years 14 286 29 234 20 153 4 174

11-14years 2 4] 10 8.1 1n 84 17 7.2

15-20years 0 00 3 24 2 15 7 30

Time to 2" invasive 0-1year 25 205 28 15.9 151 338 161 29.0
melanoma 2-5years 49 402 76 432 155 347 192 345
6-10years 26 213 48 273 89 199 132 237

11-14years 19 156 17 9.7 38 85 56 10.1

15 - 20 years 3 25 7 4.0 14 3.1 15 2.7

Source: Netherlands Cancer Registry

aTotal cohort of 10 765 in situ melanoma patients at risk.>Total cohort of 46 700 invasive melanoma patients

at risk. <In situ melanoma with (erroneous) invasive morphology code. ¢ Only Breslow thickness available in
time period 1993 - 2008. Abbreviations:IQR'= Interquartile range,'NM'= Nodular melanoma, ‘SSM’= Superficial
spreading melanoma, ‘LM’= Lentigo Maligna, ‘LMM’= Lentigo Maligna Melanoma, ‘MEL IN SITU’= Melanoma

in situ,'’MM NOS’= Malignant melanoma not otherwise specified,’ALM’= Acrolentiginous melanoma, ‘mm’=
millimeter,'NA'= not applicable.
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ABSTRACT

Background: This study examined the risk of third cancer of non-breast origin (TNBC) among
women with bilateral breast cancer (BBC; either synchronous or metachronous), focussing on
the relation with breast cancer treatment.

Methods: Risk was assessed, among 8,752 Dutch women diagnosed with BBC between 1989-
2008, using standardised incidence ratios (SIR) and Cox regression analyses to estimate the
Hazard Ratio (HR) of TNBC for different treatment modalities.

Results: Significant increased SIRs were observed for all TNBCs combined, haematological
malignancies, stomach, colorectal, non-melanoma skin, lung, head and neck, endometrial
and ovarian cancer. A tenfold increased risk was found for ovarian cancer among women
younger <50 years (SIR=10.0, 95%Cl=5.3-17.4). Radiotherapy was associated with increased
risks of all TNBCs combined (HR=1.3; 95%Cl=1.1-1.6, respectively). Endocrine therapy was
associated with increased risks of all TNBCs combined (HR=1.2; 95%ClI=1.0-1.5), haemato-
logical malignancies (HR=2.0; 95%Cl=1.1-3.9) and head and neck cancer (HR=3.3; 95%Cl=1.1-
10.4). After chemotherapy decreased risks were found for all TNBCs combined (HR=0.63;
95%Cl=0.5-0.87).

Conclusion: Increased risk of TNBC could be influenced by genetic factors (ovarian cancer)
or an effect of treatment (radiotherapy and endocrine therapy). More insight in the TNBC risk
should further optimise and individualise treatment and surveillance protocols in (young)
women with BBC.

Keywords: bilateral breast cancer, third primary cancer, risk, radiotherapy, chemotherapy,
endocrine therapy
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INTRODUCTION

Breast cancer is by far the most frequent cancer in European and North American women'. Due
to earlier diagnosis and improved treatment, breast cancer survival has increased, increasing
the risk of metachronous breast cancer, among the survivors2. Women with a history of breast
cancer have a 2-3 fold higher risk of developing a contralateral breast cancer as compared
with the general female population®®. In a Dutch population based study 18% of breast cancer
patients were diagnosed with a second breast cancer in the period 1989-2006’. Similar results
were observed among women at high risk, who either had an unilateral breast cancer or a twin
sister with breast cancer, 9% to 18% experienced a breast cancer event after 20 years of follow-
up®. However, incidence declined since 1980 due to the increasing use of adjuvant therapy®.

Besides an elevated risk of contralateral breast cancer, several studies revealed that women
with a primary breast cancer have an increased risk of developing a subsequent non-breast
cancer. Increased risks were most consistently found for tumours of the ovary, endometrium,
soft tissue and for leukaemia®® '%'5, Excess risks of melanoma of the skin and cancer of the
bone, oesophagus, kidney and lung have also been reported, though less consistently>>-61012
1415, Risks of subsequent non-breast cancer appears to be associated with genetic and other
risk factors that are common for both, breast cancer patients with primary breast cancer ex-
perienced an increased risk of lung cancer and soft tissue sarcomas that could be attributed
to radiation. Increased risks of melanoma of the skin, uterine cancer and leukaemia were
found to be associated with the use of chemotherapy for patients older than 50 years while
the increased risk of endometrial cancer was related to endocrine therapy. At the same
time chemotherapy was associated with a reduced risk of colon and lung cancer for women
younger than 50 years®.

However, information about the risk of third cancer of non-breast origin (third non-breast
cancer; TNBC) after synchronous or metachronous invasive bilateral breast cancer (BBC) is
lacking. Patients with BBC may have been exposed to more carcinogenic or carcinoprotec-
tive cancer treatment. Moreover a higher risk could be expected for genetic, reproductive, or
lifestyle-related cancers. More insight in these risks may further optimise and individualise
surveillance protocols in women with BBC. Therefore we assessed in this study, the risks of
TNBC after BBC in a nationwide study based on the Netherlands Cancer Registry (NCR). In

addition we studied the associations of TNBC risk with breast cancer treatment.

Materials and Methods

The cohort: Bilateral breast cancer patients
Patients were selected from the population-based nationwide NCR that reached complete
coverage of cancer incidence in The Netherlands since 1989°. Patient registration is based on

notification on a weekly basis of all newly diagnosed malignancies by the automated national
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pathology archive and a yearly link with the national registry of hospital discharge diagnoses.
In case of multiple primaries, the definition of a new primary tumour is a primary cancer
that is not an extension, a recurrence, or a metastasis of a known tumour, located at another
anatomic site, or when arising in the same anatomic site, belonging to a different histological
subgroup or to a different behaviour subgroup (in situ vs invasive growth). Subsequently,
information on patient and tumour characteristics and primary treatment, are retrieved
directly from the medical records by specially trained registrars. Staging is coded according
to the tumour, node and metastasis system (TNM) classification'”, topography and histology
are coded according to the International Classification of Diseases for Oncology (ICD-O)™.
Basic treatment information was available: whether patients were surgical treated, received
radiotherapy, chemotherapy or endocrine therapy. Data on vital status and migration are
annually updated through linkage with the national population demographics registry of the
municipal administrations (Gemeentelijke basisadministratie). Data quality is high' and data
completeness is estimated to be at least 95%?%.

All women diagnosed with BBC, defined as invasive first breast cancer and a synchronous
or metachronous invasive second contralateral primary breast cancer (without cancer before
the first breast cancer or between the first and second breast cancer), diagnosed between
1989 and 2008 in the Netherlands were selected (n=9,718). BBC patients were excluded
with a metastasis at time of diagnosis of the first or second breast cancer (stage IV, n=909),
with a sarcoma of the breast either for the first or second breast cancer (morphology code
8830-9990, n=17), as well as patients who developed a third primary breast cancer after BBC
(n=40). In total 8,752 women with BBC were included in our study.

Statistical analysis

The patient and tumour characteristics are reported as frequencies and compared using y? test.
To estimate the risks of TNBC after BBC Standardised Incidence Ratios (SIR) were calculated. The
SIR is the ratio of the observed to the expected numbers of TNBC cases. Observed numbers are
the TNBC cases diagnosed during follow-up period. Patients with zero follow-up time between
second breast cancer and the TNBC or the end of study period, were excluded for the SIR calcu-
lation (n=6). To determine the expected numbers, person years at risk by 5-year age categories
and 1-year calendar period categories were multiplied with the corresponding background
cancer incidence in the general Dutch female population and then summed up. Person years
at risk started at the second breast cancer diagnosis and ended at the date of TNBC diagnosis,
date of death, or the end of the study period (e.g. 31 December 2008), whichever came first. A
SIR value higher than 1 implies an increased risk, while values lower than 1 suggest a decreased
risk. Ninety-five percent confidence intervals (95%Cl) were estimated assuming Poisson distri-
bution of the TNBC occurrence. SIRs were computed for three age categories based on age at
time of the second breast cancer diagnosis (<50, 50-64 and 65+ years) and for four follow-up
intervals since the second breast cancer diagnosis (<1 year, 1-5 years, 6-10 years and =11 years)
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and were plotted on a log scale. These subgroup analysis makes comparison with other studies
possible and could give additional information in order to discuss and explain other outcomes.
Tests for linear trend in relation to period of diagnosis were performed by incorporating a pa-
rameter in the relevant Poisson regression model with consecutive nonnegative integer values
corresponding to increasing or decreasing levels of the factor and comparing the deviance
statistic with that of a model without the relevant parameter.

Multivariable Cox proportional hazard analysis was used to examine the effect of breast
cancer treatment on the different TNBC risks. The follow-up time was defined as the time
between the date of first breast cancer diagnosis and the date of TNBC diagnosis. Patients
were censored at the date of death, migration or the end of the study period (e.g. 31 Decem-
ber 2008). Proportional hazards were tested for all entered variables using graphical (Kaplan
Meier plots) and statistical methods. The interval between first and second breast cancer
(BCFI) appeared to be a non proportional factor and therefore analyses were stratified by
BCFI categories (<1 year, 1-5 years, 6-10 years and >10 years) using the strata option in STATA.
Factors included in the model were treatment of first breast cancer (radiotherapy (no, yes),
chemotherapy (no, yes), endocrine therapy (no, yes)), age at first breast cancer (<50, 50-64,
>65), year of first breast cancer incidence (continue variable). Second breast cancer treat-
ment variables (radiotherapy (no, yes), chemotherapy (no, yes), endocrine therapy (no, yes))
were entered to the model as time dependent covariates, allocating patients to no second
breast cancer treatment until second breast cancer occurrence.

Statistical significance was defined as a 2-sided P value of less than 0.05. Statistical analyses
were performed in SAS version 9.2.

Results

In the Netherlands eligible 8,752 patients were diagnosed with invasive BBC between
1989 and 2008, with a median time of 2.4 years between the first and second breast cancer
(Table 1). The patients accumulated 44,399 person years of follow-up since second breast
cancer. Overall 586 patients developed a TNBC with a median follow-up time between the
second breast cancer and TNBC of 3.9 years. Compared to patients without a TNBC, patients
with a TNBC were significantly (P<0.001) more likely to be older than 65 years at first and
second breast cancer diagnosis (respectively, 40% vs 47% and 59% vs 49%), had more often
a stage | second breast cancer (61% vs 53%), were more often surgical treated for first and
second breast cancer (respectively, 98% vs 95% and 96% vs 92%) and received less often
chemotherapy for first and second breast cancer (respectively, 9% vs 19% and 9% vs 19%).

Risk of TNBC compared with the general female population

Table 2 shows the observed and expected numbers of TNBC and SIRs for TNBC by cancer site.
The risk of all TNBCs combined after BBC was 1.6 (95%Cl=1.5-1.7). Elevated risks were seen for
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Table 1 Patient and tumour characteristics of patients with bilateral breast cancer

Total N (%) WithaTNBC®N (%) WithoutaTNBCN (%) P*
Total 8,752 586 8,166
Age at 1+ breast cancer <0.001
<50 years 2,245 (26) 106 (18) 2,139(26)
50-64 years 2,993 (34) 206 (35) 2,787 (34)
265 years 3,514 (40) 274 (47) 3,240 (40)
Age at 2" breast cancer <0.001
<50 years 1,470 (17) 65(11) 1,405 (17)
50-64 years 2,922 (33) 175 (30) 2,747 (34)
265 years 4,360 (50) 346 (59) 4,014 (49)
Time between first and second breast cancer 0.552
Median (25-75% range) 24(0.04-6.1) 2.2(0.03-5.6) 24(0.04-6.2)
<1year 3,243 (37) 225(38) 3,018(37)
>1-5 years 2,687 (31) 186 (32) 2,501 (31)
>5-10 years 1,882 (22) 121(21) 1,761(22)
>10 years 940 (11) 54 (9) 886(11)
Time between second breast cancer and TNBC
Median (25-75% range) NA< 39(1.5-7.2) NA
<1year NA 102(17) NA
>1-5 years NA 255 (44) NA
>5-10 years NA 166 (28) NA
>10 years NA 63 (11) NA
Stage of first breast cancer 0.024
| 3,712 (42) 249 (43) 3,463 (42)
Il 3,402 (39) 253 (43) 3,149 (39)
Il 682 (8) 34(6) 648 (8)
unknown 956 (11) 50(9) 906 (11)
Stage of second breast cancer <0.001
| 4,664 (53) 359(61) 4,305 (53)
I 2,832(32) 170 (29) 2,662 (33)
1l 618 (7) 25(4) 593(7)
unknown 638(7) 32(5) 606 (7)
Treatment
Surgery
First breast cancer 8,303 (95) 573(98) 7,730(95) 0.001
Second breast cancer 8,063 (92) 565 (96) 7,498 (92) <0.001
Radiotherapy
First breast cancer 4,698 (54) 325(55) 4,373 (54) 0371
Second breast cancer 3,620 (41) 249 (42) 3,371(41) 0.565
Chemotherapy
First breast cancer 1,640 (19) 50(9) 1,590 (19) <0.001
Second breast cancer 1,628 (19) 55(9) 1,573 (19) <0.001
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Table 1 (continued)

Total N (%) WithaTNBC®N (%) WithoutaTNBCN (%) P°
Endocrine therapy
First breast cancer 2,638 (30) 171(29) 2,467 (30) 0.600
Second breast cancer 3,417 (39) 209 (36) 3,208 (39) 0.083

ATNBC, third non-breast cancer; P value x?test indicating differences between patients with and without a
TNBC; °NA, not applicable Bold denotes statistical significance

Table 2 Observed and expected numbers and standardised incidence ratios with 95% confidence
intervals for third non- breast cancers after bilateral breast cancer

Observed Expected

Site of TNBC* numbers numbers SIR? 95% Cr

Head and neck 18 9 2.0 1.2 - 32
Thyroid 3 2 14 0.29 - 46
Oesophagus 5 6 0.84 027 -2
Stomach 25 12 2.1 14 - 32
Pancreas 15 12 12 0.67 - 20
Ik_)li\llizrr,;rtw:;aci\epatlc bile ducts and . 5 15 060 312
Colorectal 91 74 12 0.99 - 15
Digestive organs, other 5 3 1.6 0.52 -39
Lung 77 35 2.2 17 - 28
Soft tissue 8 2 3.6 15 - 73
Melanoma of skin 25 18 14 0.89 -2
Non-melanoma skin 80 50 1.6 13 - 20
Ovarian 33 14 23 1.6 - 34
Endometrial 58 22 2.6 20 - 34
Cervix uteri 5 5 0.97 031 - 24
Vulva 5 4 1.1 0.36 - 28
Female genitalorgans, other 6 1 4.6 1.7 - 104
Urinary bladder 19 15 13 0.78 - 20
Kidney 20 8 24 1.5 - 38
Brain 2 4 0.50 0.06 - 21
Haematological 48 33 1.5 1.1 - 19
AIITNBCs® 582 363 1.6 15 - 17

ATNBC, third non breast cancer; ®SIR, standardised incidence ratio; <Cl, confidence interval; ¢ Included, not
otherwise specified and vagina; ¢ Included others than the specific sites denoted: renal pelvis (2 observed cases),
thymus (1 observed case), eye (3 observed cases), other or unspecified sites (4 observed cases), primary sites
unknown (10 observed cases) and benign brain tumour (7 observed cases); Bold denotes statistical significance

head and neck, stomach, lung, soft tissue, non-melanoma skin, ovarian, endometrial , other
female genital organs and kidney cancer and haematological malignancies.

The risk of TNBCs overall was highest among women younger than 50 years at diagnosis
of second breast cancer (SIR=2.8, 95%Cl=2.1-3.5) (Figure 1). Differences between age
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groups were especially large for ovarian cancer, with a relative risk of 10 (95%Cl=5.3-17.4)
in women younger than 50 at second breast cancer diagnosis. Relative risks for endometrial,
stomach and kidney cancer were highest for patients older than 65 years (respective SIR=3.4;
95%Cl=2.3-4.5, SIR=; 95%Cl= and SIR=2.9; 95%Cl=1.6-4.9). Overall, the risk of TNBCs tended
to slightly increase with longer follow-up time since second breast cancer diagnosis (Figure
2). Increasing SIRs over time were seen for lung and ovarian cancer and haematological
malignancies. For kidney and head and neck cancer the SIRs tended to decrease with time.
No significant trends with follow-up time were found.

Risk of TNBC compared within the cohort

Table 3 shows the independent effects of cancer treatment on the risk of developing TNBC.
Except for lung, ovarian and head and neck cancer the risk of a TNBC was highest in the
older age patients. For lung, ovarian and head and neck cancer a decreased risk was seen
for patients older than 65 years of age (respective hazard ratio (HR)=0.47; 95%CI=0.23-0.95,
HR=0.13; 95%Cl=0.03-0.49 and HR=0.07; 95%Cl=0.11-0.39). Chemotherapy for the first breast
cancer was associated with a decreased risk of all TNBCs combined (HR=0.63; 95%CI|=0.45-
0.87). After radiotherapy for the second breast cancer increased risks were found for all TNBCs
combined (HR=1.3; 95%CI=1.1-1.6). After endocrine therapy for the second breast cancer,
risks increased for all TNBCs combined (HR=1.2; 95%CI=1.0-1.5), haematological (HR=2.0;
95%ClI=1.1-3.9) and head and neck cancer (HR=3.3; 95%CI=1.1-10.4).
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Standardised incidence ratio (SIR log scale)

Source: Netherlands Cancer Registry
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selected third non-breast cancers (>10 cases, increased SIRa overall) according to age at second breast
cancer diagnosis
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2 SIR: Standardised incidence ratio, *Non-mel. skin: Non-melanoma skin
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DISCUSSION

This is the first population-based study reporting the risks for TNBC in patients with BBC. Results
showed an elevated risk for all TNBCs combined and a more than twofold increased risk of head
and neck, stomach, lung, soft tissue, ovarian, endometrial, other female genital organs and
kidney cancer was found for women with BBC compared with women without cancer. The risk
was highest for women with BBC younger than 50 years at time of their second breast cancer.
Especially marked was the ten-fold increased risk of ovarian cancer among young BBC patients.
Interestingly, chemotherapy was associated with a reduced risk of all TNBC combined.

Studies among patients with primary breast cancer reported a 23%-40% increased risk
of subsequent cancer>'®'4, Qur results showed an elevated risk of all TNBC combined after
BBC (SIR=1.6; 95%Cl=1.5-1.7), and even higher risks (SIR=2.8) were found in women younger
than 50 years at second breast diagnosis . Other studies support higher risks for subsequent
breast cancer after primary breast cancer in young women with SIRs varying from 1.3 until
5.5%%1221-22 The high risk of TNBC in young women overall is influenced by the marked ten-
fold increased risk of ovarian cancer among women younger than 50 years (SIR=10). This is
likely related to BRCA mutations. Women with BRCA1 or BRCA2 are prone to early age breast
cancer, multiple breast cancers and have a higher risk of developing an ovarian cancer®.

Radiotherapy is widely used for treatment of breast cancer. Over time modern radiation
techniques reduce the exposure of normal tissue around the breast. Increased risks after
radiation exposure of subsequent cancers of the oesophagus, lung, thyroid gland, soft tissue
and leukaemia have been earlier reported*©101315222425 Qur study showed excess risk of all
TNBC after BBC for patients treated with radiotherapy for the second breast cancer. Although
increased risk of lung cancer was expected among women with previous radiotherapy'>?+%,
we observed no significant relation between radiation and lung cancer. We found elevated
risks for lung cancer after a longer follow-up period (SIR=3.1 after 5 years of follow-up). From
literature it is known that there is at least a 5 year lag period between radiation exposure and
cancer induction. Furthermore, Kaufman? found no elevated risks for lung cancer among
non smoking breast cancer patients after radiotherapy. However among ever-smokers with-
out radiotherapy and ever-smokers treated with radiotherapy the risk of lung cancer was
significantly increased (odds ratio (OR)=5.9 and OR = 18.9 respectively). Unfortunately no
information about smoking was available in this study, hence it remains important to study
the effect of radiotherapy on lung cancer taking smoking in to account.

Due to its radio sensitivity, also ovaries though further located from the breast are prone to
biological changes related to radiation?. Two large studies found a relation between radia-
tion of the breast and higher risk of subsequent ovarian cancer’'. Although other studies
found no relation'22 or even an adverse effect for women older than 50 years treated with
radiotherapy®. We found a non significant increased risk of ovarian cancer after radiotherapy

for the second breast cancer.
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Our results showed a decreased risk after chemotherapy for the first breast cancer for all
TNBC combined and it may have a protective effect for colorectal, lung, ovarian and head and
neck cancer. In addition, younger BBC patients had a higher risk of lung, ovarian and head
and neck cancer than those older than 65 years of age. Schaapveld et al® showed a protec-
tive effect of chemotherapy only among women younger than 50 for all second non breast
cancers combined, colon and lung cancer. The study of Andersson et al?? found in univariable
analyses a protective effect of chemotherapy for bladder cancer. Rubino et al'® found no
risk differences of TNBC after primary breast cancer treated with or without chemotherapy,
however information on chemotherapy was lacking in this study. An explanation for the pro-
tective effect might be that TNBCs undergo a growth delay from the use of chemotherapy.
Especially for colon cancer fluorouracil containing chemotherapy could be effective.

Acute myeloid leukaemia (AML) is considered as a (anthracycline containing) chemotherapy-
induced cancer, which can present within a few years after breast cancer diagnosis®. We observed
no association between chemotherapy and increased risks for haematological malignancies.
Probably because this group not only contains AML but also (non) Hodgkin's lymphoma and
other types of leukaemia. Surprisingly, we found a significant higher risk of haematological ma-
lignancies for patients treated with endocrine therapy. As far as we now this association was not
earlier reported and we could not found a clear explanation for this association.

Since 1975 tamoxifen is used for the treatment of postmenopausal breast cancer in pa-
tients with positive oestrogen receptor. Tamoxifen is linked to a 1.3-7.5-fold increased risk
of endometrial cancer®. Although no significant relation was found between endocrine
treatment and the risk of endometrial cancer within the group of BBC patients, we found
a twofold elevated risk for endometrial cancer after BBC compared to the general female
population, particularly for women older than 65 years at second breast cancer diagnosis
and women treated with endocrine therapy (results not shown). However, in line with other
studies, the SIR for endometrial cancer was also increased for women who received no en-
docrine therapy (results not shown). Therefore, other shared risk factors like family history,
reproductive factors (e.g. parity, hormone replacement treatment) or high body mass index
probably contribute to the increased risk of endometrial cancer®+*.

Some strengths and limitations of our study should be considered. The strengths of this
study include the large population based cohort with nearly complete follow-up data for
vital status and TNBC, which enables us to provide reliable estimates of TNBC risk after BBC
and effects of treatment. However, information of other risk factors such as lifestyle factors,
including smoking, alcohol consumption and body mass index were not available as well as
genetic information.

Treatment information was restricted. No information was available about the specific type
of radiotherapy and the doses. We found no significant differences in TNBC risks between
patients treated with radiation for the first or the second breast cancer. Because we included
BBC patients, radiotherapy was given on different sites of the body so a cumulative effect
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could be expected for ovary and endometrial cancer and leukaemia, because of the equal
distant to both sites and the radio sensitivity. Furthermore information of specific endocrine
therapy was not available in our database. Apart from tamoxifen also aromatase inhibitors or
luteinising hormone-releasing hormone (LHRH) agonists have been administered. Therefore
the effect of endocrine therapy could be slightly underestimated.

Risks were estimated for the first and second breast cancer treatment. Patients with syn-
chronous breast cancer could have received chemotherapy or endocrine therapy for both
breasts, however in fact they received only one dosage. Although the cox regression model
was corrected for BCFl and variables for second breast cancer treatment were incorporated as
time dependent covariates, outcomes need to be interpreted with caution.

CONCLUSION

Women with BBC had a 1.5 times higher risk of all TNBC combined. Young women had a 2.8
times higher risk of all TNBC combined and a ten-fold higher risk of ovarian cancer, compared
to the general population, which is probably related to genetic factors. Chemotherapy was as-
sociated with a decreased risk of all TNBC combined, while radiotherapy and endocrine therapy
were associated with a increased risk. Next to the relations between treatment and the risk of
TNBC and the possible role of genetics, shared environmental factors are likely to be involved
for most elevated risks. Therefore follow-up care should also be focussed on improving healthy
lifestyle. This study gave more insight in the risks of TNBC and results could further optimise and
individualise treatment and surveillance protocols in (young) women with BBC.
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ABSTRACT

In parallel with increasing numbers of cancer patients and improving cancer survival, the
occurrence of second primary cancers becomes a relevant issue. The aim of our study was to
evaluate risk of prostate cancer as second primary cancer in a population-based setting. Data
from the Netherlands Cancer Registry were used to estimate standardized incidence ratios
(SIRs) and 95% confidence interval (Cl) for prostate cancer as second primary cancer. The ef-
fect of time since first cancer diagnosis, specific first cancer sites, age, and pelvic radiotherapy
was taken into account. Out of 551,553 male patients diagnosed with a first primary cancer
between 1989-2008, 9,243 patients were subsequently diagnosed with prostate cancer.
Overall, cancer survivors showed an increased risk (SIR 1.3, 95% Cl 1.2-1.3) of prostate cancer.
The increased prostate cancer risk was limited to the first year of follow-up for the majority
of the specific first cancer sites. More than ten years after the first cancer diagnosis, only
melanoma patients were at increased risk (SIR 1.5, 95% CI 1.2-1.9), while patients with head
or neck cancers were at decreased risk (SIR 0.7, 95% Cl 0.5-0.9) of being diagnosed with pros-
tate cancer. Patients who underwent primary pelvic radiotherapy for their first cancer had
a decreased risk of prostate cancer in the long term (SIR 0.5, 95% Cl 0.4-0.6). In conclusion,
our data showed that cancer survivors have an increased prostate cancer risk in the first year
after a first cancer diagnosis, which is most likely the result of active screening or incidental
detection.
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INTRODUCTION

The number of patients newly diagnosed with cancer increased substantially during the past
decades and this trend is expected to continue during coming years' 2 At the same time, survival
for most cancer sites improved by early detection and more effective treatment strategies®*. As
a growing number of patients survive their first cancer, the development of second primary
cancers becomes a relevant issue®. Prostate cancer is the most common cancer among elderly
men in Western countries*¢. The incidence of prostate cancer as second primary cancer is likely to
increase as a consequence of demographic aging and increased diagnostic activities, combined
with the improved cancer survival’. Risk of prostate cancer among cancer survivors might also
depend on various clinical as well as biological factors. It has been suggested that initial cancer
treatment might influence subsequent cancer risk. As such, pelvic radiotherapy for a first cancer
has been associated with a reduced prostate cancer risk as compared to non-irradiated patients
or the general population®'". Furthermore, incidental detection in surgical specimens or during
follow-up, or intensive screening after a previous cancer diagnosis might also influence prostate
cancer risk. Likewise, the detection of prostate tumours in cystoprostatectomy specimens'? is
therefore a plausible explanation for the reported co-occurrence of bladder cancer and prostate
cancer'> ™, Finally, common aetiological factors, such as genetic susceptibility or shared environ-
mental factors, might explain an association between prostate cancer and other malignancies.
Insight into the occurrence of prostate cancer as second primary cancer may yield impor-
tant implications for aetiological research. Several studies have addressed the relevance of
prostate cancer as a second cancer. Most of these studies, however, were limited to specific
first cancer sites''>'7 or focussed on treatment effects® ' or family history of the first can-
cer'®in particular. A comprehensive overview of prostate cancer risk among cancer survivors,
however, is lacking. The aim of the present study was to evaluate the risk of prostate cancer as
second primary cancer in a population-based setting and taking into account the first cancer
sites and time since first cancer diagnosis. This approach allowed us to compare prostate
cancer risks among different first cancer sites, and to evaluate the possible effect of detection

and treatment, occurring during follow-up.

PATIENTS AND METHODS

Male patients diagnosed with a first primary cancer between 1989 and 2008 were identi-
fied through the nationwide, population-based Netherlands Cancer Registry'®.The analyses
were restricted to primary cancers as defined by the International Agency for Research on
Cancer (IARC)?. Non-invasive cancers, except from bladder cancer because of its common
non-invasive character, were excluded from all analyses. Patients with a first and second pri-

mary cancer diagnosed on the same day, and patients diagnosed with cancer found during
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autopsy were not included in the analyses. Furthermore, patients with a first primary prostate
cancer were excluded, resulting in a study population of 551,553 male cancer patients.

Follow-up duration was defined as the time between date of first primary cancer diagnosis
until date of death, emigration, diagnosis of prostate cancer as second primary cancer, diag-
nosis of any (other than prostate cancer) second primary cancer, or end of follow-up (1* of
January 2009), whichever came first. Information on death and emigration were obtained from
the municipal registries and since 1995 from the Dutch Municipal Personal Records Database,
which keeps information about vital status of all inhabitants in the Netherlands. Information on
primary cancer treatment was recorded from the medical charts. Clinical tumour stages were
categorized into groups (0, I, Il, lll, IV, and other/unknown) according to the fourth (tumours
diagnosed before 1999), fifth (tumours diagnosed between 1999 and 2002) or sixth (tumours
diagnosed after 2002) edition of the American Joint Committee on Cancer guidelines (AJCC).
The categories represent anatomical groups based on the tumour (T), regional lymph nodes
(N) and metastases (M) stages and did not take into account histological grades or PSA levels.

Standardized incidence ratios (SIRs) were estimated to compare incidence rates of prostate
cancer as second cancer in the study population versus incidence rates of prostate cancer in
the general Dutch population. The SIR was calculated as the number of observed patients
with prostate cancer as second cancer divided by the number of expected patients. The
number of expected patients with prostate cancer was estimated by multiplying age- and
calendar period-specific incidence rates (5-year age and 1-calendar year groups, respectively)
in the general Dutch population by the number of person-years at risk. The 95% confidence
intervals (Cls) were calculated assuming a Poisson distribution for the observed number of
prostate cancers. Absolute excess risks (AERs) were calculated to estimate the excess burden
of the prostate cancers occurring as second cancer. The AER (expressed per 10,000 person-
years) was calculated as the number of expected patients subtracted from the number of
observed patients in the study population and subsequently divided by the person-years
at risk. Analyses were presented according to the time since first cancer diagnosis, the first
cancer site or age of the patients at first cancer diagnosis. Besides provided estimates for all
cancer sites together, data on all sites excluding invasive and non-invasive bladder cancer
were presented in order to take into account possible distorting effects of early and inciden-
tal detection of prostate tumours in cystoprostatectomy specimens.

In order to assess the effects of radiotherapy on the subsequent prostate cancer risk, we
computed SIRs for patients treated with or without pelvic radiotherapy. Pelvic radiotherapy
was defined as primary radiotherapy for one of the following first primary cancers: sigmoid
colon, rectum, anus and anal canal, penis, testis, other male genital organs, renal pelvis, ure-
ter, and other urinary tract. Patients with (invasive and non-invasive) bladder cancer were not
included in these analyses, because most patients not treated with pelvic radiotherapy were
likely to undergo radical cystoprostatectomy and were not at risk of developing prostate
cancer in the long term. Subgroup analyses for patients treated without pelvic radiotherapy
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comprised all patients diagnosed with the aforementioned pelvic tumours (again without
invasive and non-invasive bladder cancer), who were not treated with primary radiotherapy.

SAS software (version 9.3, SAS Institute, Cary, North Carolina) was used for all analyses.

RESULTS

The study population includes 551,553 male cancer patients diagnosed with a first primary
cancer between 1989 and 2008. Of these, 9,243 patients subsequently developed prostate
cancer after a median follow-up of 2.3 years (range: 1 day to 19 years). The median age
(interquartile range (IQR)) of these patients was 70 years (64-76) at time of first cancer diag-

Table 1 Characteristics of patients diagnosed with or without prostate cancer as second primary cancer
after a first primary cancer diagnosis between 1989 and 2008 in the Netherlands

Without prostate cancer as second  With prostate cancer as second primary

primary cancer (n=542,310) cancer (n=9,243)
Age at first cancer diagnosis (years)
Median (interquartile range) 68 (58-75) 70 (64-76)
<50 71,116 (13%) 167 (2%)
50-74 327,929 (60%) 6,338 (69%)
75+ 143,265 (26%) 2,738 (30%)
Period of first cancer diagnosis
1989-1993 124,057 (23%) 2,717 (29%)
1994-1998 128,434 (24%) 2,694 (29%)
1999-2003 135,556 (25%) 2,316 (25%)
2004-2008 154,263 (28%) 1,516 (16%)
Time atrisk (years)
Median (interquartile range) 1.3(0.3-4.5) 2.3(0.3-5.9)
<1 241,149 (44%) 3,386 (37%)
1-10 248,943 (46%) 4,946 (54%)
10+ 52,218 (10%) 911 (10%)
Treatment for first cancer
Surgery
Yes 377,008 (70%) 7,994 (86%)
No 132,211 (24%) 1,007 (11%)
Radiotherapy
Yes 110,105 (20%) 1,206 (13%)
No 399,114 (74%) 7,795 (84%)
Chemotherapy
Yes 119,690 (22%) 1,301 (14%)
No 389,529 (72%) 7,700 (83%)
Other 27,062 (5%) 192 2%)
Unknown 6,029 (1%) 50 (1%)

Source: Netherlands Cancer Registry
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Figure 1 Clinical stage distribution of prostate cancer diagnosed as a first primary cancer (from the
general population) and as a second primary cancer (among previously diagnosed cancer patients) in the
Netherlands between 1989 and 2008 according to period of prostate cancer diagnosis

nosis (Table 1). Clinical tumour stages of the prostate cancers occurring as second cancer
were compared to clinical stages of first prostate cancers diagnosed in the general Dutch
population in the same period (Figure 1). Overall, stage lll and IV tumours were somewhat
less common in subsequent prostate cancers (especially during early follow-up) as compared
to first prostate cancers, while the opposite was observed for unknown tumour stages. Also
for subsequent prostate cancers diagnosed more recently (2004+), a larger percentage of
unknown tumour stages was found, while especially stage Il tumours tended to be less com-
mon in comparison to first prostate cancers.

Risks of prostate cancer as second primary cancer according to first cancer site and years
since first cancer diagnosis are presented in Table 2. Overall, cancer survivors showed an
increased risk (SIR 1.3, 95% Cl 1.2-1.3) of being diagnosed with prostate cancer as compared
to the general Dutch population. This effect was mainly observed shortly (0-1 year) after
the first cancer diagnosis (SIR 2.1, 95% Cl 2.0-2.2). The increased prostate cancer risk in the
first year following the first cancer diagnosis was also shown for several specific cancer sites.
The corresponding SIRs ranged from 1.3 (95% Cl 1.1-1.5) for cancers in the digestive tract
(without colorectal cancer) up to 9.2 (95% Cl 8.7-9.8) for invasive bladder cancer. These effects
disappeared after one year of follow-up for most of the specific cancer sites. Contrary, for
patients with skin cancer as first primary cancer, an increased prostate cancer risk was mainly
observed after one year since first cancer diagnosis. These effects were most pronounced for
melanoma skin cancer. Prostate cancer risk was reduced in patients diagnosed with head or
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Table 3 Risk of prostate cancer as a second primary cancer according to age at first cancer diagnosis,
treatment and time since first cancer diagnosis

Time since first cancer diagnosis (years)

0-1 1-10 10+

PYatrisk Obs. SIR(95%CI) AER PYatrisk Obs. SIR(95%Cl) AER  PYatrisk Obs. SIR(95%Cl) AER
Age at first cancer diagnosis (years)
<50 61,121 27 12(8.0-17) 4 280993 54 1.2(09-16) 04 79658 86 1.2(0.9-15) 2
50-74 241611 1989 22(2.1-23) 45 732,833 3584 1.0(0.998-1.07) 1 115057 765 1.0(0.96-1.1) 2
75+ 89910 1372 1.9(1.8-20) 73 186,701 1,307 0.9(0.9-0.98) -5 8,604 59 13(097-16) 15
Pelvic radiotherapy for first primary cancer*
Yes 16,294 104 1.9(1.6-23) 31 56,558 82  0.5(0.4-0.6) -17 9,381 16 0.6(0.3-0.98) -11
No 41460 305 1.8(1.6-20) 33 159,662 653 1.0(0.9-1.1) 0 30045 138 12(097-14) 6

Source: Netherlands Cancer Registry

Abbreviations: AER = absolute excess risk per 10,000 person-years, Cl = confidence intervals, Obs. = number of
observed cases, PY = person-years, SIR = standardized incidence ratio.

2 Restricted to first primary cancers of the: sigmoid colon, rectum, anus and anal canal, penis, testis, other male
genital organs, renal pelvis, ureter, and other urinary tract.

neck cancer. This effect was observed ten years since first cancer diagnosis in particular (SIR
0.7,95% C1 0.5-0.9).

The analyses stratified by age at first cancer diagnosis further confirmed that cancer survi-
vors had an increased prostate cancer risk mainly during the first year following first cancer
diagnosis (Table 3). This finding applies to all age groups, although a more pronounced ef-
fect was found for patients who were diagnosed with a first cancer at a relatively young (<50
years) age (SIR 12, 95% Cl 8.0-17).

As shown in Table 3, both patients treated with or without pelvic radiotherapy for their
first primary cancer had an increased risk of prostate cancer during the first year following
first cancer diagnosis. Patients who underwent pelvic radiotherapy, however, showed a
decreased prostate cancer risk in the long term (SIR 0.5, 95% Cl 0.4-0.6 and SIR 0.6, 95% Cl
0.3-0.98, for 1-10 and 10+ years after first cancer diagnosis, respectively).
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DISCUSSION

Overall, our study showed a 30% increased risk of prostate cancer among Dutch cancer survi-
vors in the first year of follow-up, whereas in the long term prostate cancer risk did not differ
from risk in the general Dutch population. An increased prostate cancer risk shortly after a
first cancer diagnosis strongly suggests an effect of active screening or incidental detection,
resulting from either an increased awareness or anxiety of the patient, or active medical
surveillance indicated by the supervising specialist.

It has been shown that incidental prostate cancers are frequently detected in cystopros-
tatectomy specimens'>?'. Furthermore, urological patients might request their urologists for
PSA testing as a consequence of anxiety or persisting urological complaints. In these situ-
ations, the stage of disease would presumably be lower in comparison to prostate cancer
detected among the general Dutch population. Our data tended to show that unfavourable
tumour stages (lll and 1IV) were less common in patients with prostate cancer diagnosed as
a second rather than a first primary cancer. The larger percentage of prostate cancers with
an unknown tumour stage might indicate that staging is less accurate or considered less
important in patients with prostate cancer diagnosed as a second cancer. As expected, the
risk of prostate cancer was reduced 1-10 years after an invasive bladder cancer diagnosis,
probably because the patients who underwent a cystoprostatectomy were no longer at risk
of developing prostate cancer. Notably, this finding was not applicable to non-invasive blad-
der cancer, wherefore the increased prostate cancer risk persisted up to ten years following
diagnosis. This contrary finding may be due to more expectant treatment strategies for non-
invasive bladder cancer, which have resulted in prolonged detection effects.

For patients with a previous diagnosis of melanoma as well as non-melanoma skin cancer,
an increased prostate cancer risk was mainly found during later years of follow-up. Contrary
to our findings, a previous study with data from one of the regional cancer registries in the
Netherlands showed that patients with (non-melanoma) skin cancer had a reduced risk of
prostate cancer®. It was hypothesized that patients with skin cancer might have had relatively
high levels of vitamin D as a consequence of sun exposure in the past, which may protect
them against the development of prostate cancer?®. Several other studies, however, did not
confirm these findings?, or showed an increased prostate cancer risk following a skin cancer
diagnosis'” %%, Focusing on melanoma, data from the Surveillance, Epidemiology, and End
Results (SEER) program showed an increased prostate cancer risk up to ten years following
melanoma diagnosis® %, which is consistent with our findings. Possible explanations for the
increased prostate cancer risk in melanoma patients might refer to shared environmental
or genetic aspects. A recent study demonstrated that at least two prostate cancer risk al-
leles (rs1512268, odds ratio (OR) 3.9, 95% Cl 1.4-10.9 and rs5759167 OR 2.6, 95% Cl 1.2-5.6)
were associated with an increased risk of melanoma in prostate cancer patients?. We cannot

fully exclude the possibility that increased awareness and screening also contributed to the
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excess of prostate cancer in melanoma patients, although the lack of an effect during the first
year of follow-up argues against this.

We observed a reduced risk of prostate cancer, especially after a follow-up period of more
than ten years, among patients who were diagnosed with a head or neck cancer. The possible
mechanisms for the reduced prostate cancer risk in these patients are unclear. So far, there
is no indication that the main established risk factors for head and neck cancers, such as
smoking, alcohol intake, and infections with the human papillomavirus? are likely to protect
against the development of prostate cancer. Future studies should focus on the possible
associations between prostate cancer and different specific tumours in the head and neck
region as well as the possible underlying mechanisms.

Consistent with previous literature®'", we showed an overall reduced prostate cancer risk
following primary pelvic radiotherapy. Nevertheless, for the first year of follow-up, the subse-
quent prostate cancer risk was increased among patients who received pelvic radiotherapy.
Similar findings were observed for patients who did not receive pelvic radiotherapy suggest-
ing once more the effects of detection. A possible explanation for the consistently reported
reduced prostate cancer risk following pelvic radiotherapy, which is confirmed by our study,
would be that early and indolent prostate tumours are suppressed by the irradiation exposure.
Another hypothesis® ° refers to the possibility that radiotherapy initially increases, but in the
long term lowers PSA production?*®. In theory, the incidence of screening-detected prostate
cancers would then, due to masked PSA levels, be lower as compared to non-irradiated pa-
tients. As a consequence, the prostate tumours in irradiated patients are detected later, and
hence are more advanced or high-grade as compared to tumours in non-irradiated patients®.
Others, however, did not find an effect of previous pelvic radiotherapy on prostate cancer
stage or grade', neither on the decline in PSA levels after irradiation of the non-malignant
prostate®’. We did not compare clinical tumour stages for patients treated with or without
pelvic radiotherapy, because we cannot exclude the possibility that period-specific changes
in treatment regimens during our extensive follow-up period (1989-2008) will account for
possible differences between these two groups.

Strengths of our study include the comprehensive approach which allows a simultane-
ous evaluation of all specific first cancers sites in relation to subsequent prostate cancer risk
during an extensive follow-up period. Furthermore, we used population-based data of a
high-quality cancer registry with a large number of first and second cancer patients. Possible
limitations of our study are the relatively small number of patients in some of the subgroup
analyses and the limited data on secondary cancer treatment. As a consequence, patients
who were classified as ‘not having pelvic radiotherapy’ in the subgroup analyses, might still
have undergone pelvic radiotherapy as secondary therapy. Although this limitation might
have influenced the risk estimates for this subgroup, it is not likely to bias the findings for the
subgroup of patients who were classified as ‘having pelvic radiotherapy’*2.
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In conclusion, our data showed that cancer survivors have an increased risk of being diag-
nosed with prostate cancer as a second primary cancer. The effects were mostly restricted to
the first year following the first cancer diagnosis, which might implicate an effect of active
screening or incidental detection.
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ABSTRACT

We assessed the risk of Chronic Lymphocytic Leukaemia (CLL) following a first primary malig-
nancy (FPM). We utilised the national cancer registry data of 1,270,595 Dutch cancer survivors
who were at risk to be subsequently diagnosed with CLL between 1998-2008.

Cancer survivors were categorized based on time since diagnosis of FPM, age and gender,
and therapy for FPM. CLL was regarded synchronous when diagnosed within three months
after diagnosis of FPM.

Overall, we found that cancer survivors had a 50% higher risk than the general population
to be diagnosed with CLL. Excess risk of second CLL was observed 10 years after diagnosis of
the FPM (Standardised Incidence Ratio (SIR): 1.3; 95% Confidence Interval (Cl): 1.1-1.6). In the
first year after diagnosis we found a threefold increased risk of CLL (SIR: 3.0; 95% Cl: 2.7-3.3),
however no increased risk was observed after excluding synchronous cases.

An increased risk for metachronous CLL was found in males younger than 65 years at time
of diagnosis of FPM (SIR: 1.2;95% Cl: 1.1-1.5). A slightly decreased risk of CLL was found among
cancer survivors who underwent chemotherapy (SIR: 0.8; 95% Cl 0.6-1.1), radiotherapy (SIR:
0.9; 95% Cl 0.7-1.0) or both (SIR: 0.5; 95% Cl 0.2-0.9).

Increased detection due to intensive clinical check-ups after diagnosis of the FPM is the

most likely explanation for the increased risk of CLL among cancer survivors.
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INTRODUCTION

Although overall incidence rates of Chronic Lymphocytic Leukaemia (CLL) have been stable
over the last decades, an increasing incidence in younger patients has recently been report-
ed'2 This increase might be associated with the increasing number of cancer survivors?, due
to several possible mechanisms, such as shared risk factors or carcinogenity of the treatment
for the first malignancy.

The etiology of CLL is unknown, and the only established risk factors are genetic predispo-
sition “and occupational exposure to benzene * and several other chemicals®.

In general, CLL is not regarded as a radiation-induced cancer, though, in spite of elaborate
research, controversies on this issue persist’®. The relation between chemotherapy and
subsequent development of CLL has been less intensively studied. Most studies of leukaemia
after chemotherapy for a previous malignancy have excluded CLL*".

Increased detection rates among the growing number of cancer survivors is a third poten-
tial cause of increased CLL incidence, as cancer patients undergo many extensive checkups,
which increase the chance of CLL being detected coincidentally. Increased detection rates
can lead to overdiagnosis, with all its negative physical, psychological and economic effects.

Albeit the fact that studying the incidence of CLL as a Second Primary Malignancy (SPM)
might lead to important insights into the aforementioned causal factors, literature on this topic
is scarce. Two articles describe an increased incidence of CLL among skin cancer survivors''2,

Although the influence of second CLL on the survival of cancer survivors is not established
yet'3, it is known that multiple cancer diagnoses have been related to worse survival'*. Be-
cause of this possible impact on prognosis, it is important to determine which group of the
survivors has an increased risk of CLL, so an adequate follow-up strategy and tailored care
can be offered to these patients.

In this paper we describe the incidence of CLL as a second malignancy and the effect of potential
risk factors such as therapy for the first malignancy, using a nation-wide cancer registry database.
This study can provide insights into the characteristics of survivor groups with increased risk of CLL.

PATIENTS AND METHODS

As part of a broad study of the burden of second malignancies, thereby exploring determi-
nants of risk and prognosis of all patients with cancer diagnosed in the Netherlands between
1989 and 2008 '° a study of CLL was performed upon an earlier analysis of trends in incidence
and survival 2and as background information for another study of the penetration of targeted
drugs among patients with CLL in recent years.

We retrieved all cancer cases diagnosed in the Netherlands between 1989 and 2008 from
the Netherlands Cancer Registry (NCR) database which was fed by regional cancer registries
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of eight comprehensive cancer centres. We included patients diagnosed with a first primary
invasive cancer (N=1,270,595) and followed these patients until the occurrence of CLL, other
SPM, death or end of follow-up (December 31, 2008), which ever came first. The history of
malignancies was retrieved from the medical records and used to determine the order of the
cancer diagnosis, according to the International Rules for Multiple Primary Cancers’®.

CLL was defined as ICD-0-2 codes 9592 and 9803 and ICD-O-2 / ICD-0-3 codes 9670, 9800,
9820, and 9823 (in accordance to ICD-0-3, Small Lymphocytic Lymphoma was also regarded
as CLL)". We found 967 patients diagnosed with CLL as a SPM.

Median interval between diagnosis of FPM and CLL was calculated by age and gender.

Excess risk (standardised incidence ratio; SIR) was calculated as the ratio of the observed
cases to the expected cases. The number of expected cases in the cohort was calculated
based on the age-, gender- and calendar year-specific incidence rates for CLL in the general
Dutch population, multiplied by the person-years at risk. 95% Confidence Intervals (95% Cl)
were calculated based on a Poisson distribution.

SIRs were calculated according to gender, age at diagnosis of FPM, diagnosis interval between
FPM and CLL (0-12 months, 13-60 months, 61-120 months and =120 months) and treatment of
FPM. As different trends in CLL incidence rates were observed among persons aged 0-64 years,
65-74 years and >75 years and these differences might be associated with differences in the inci-
dence of CLL as a SPM?, we chose to categorize age at diagnosis into these three categories. Treat-
ment of FPM was categorized into five categories: surgery (without chemotherapy, radiotherapy
or any other (neo) adjuvant therapy), chemotherapy (with or without surgery), radiotherapy (with
or without surgery), chemo- and radiotherapy (with or without surgery) and other.

As CLL is easily detected in routine blood tests that are frequently performed immediately after
cancer diagnosis, patients diagnosed within three months after diagnosis of FPM (N=281; 29% of
total second CLL) were regarded as synchronous. (The group of patients with a diagnostic interval
of more than three months was indicated as metachronous).To assess the role of increased detec-
tion, all SIRs were calculated before and after exclusion of the synchronous cases. (SAS software
(SAS system 9.2, SAS Institute, Cary, NC) was used to perform the statistical analyses.

RESULTS

In the past 20 years, 967 patients were recorded in the NCR with a diagnosis of CLL follow-
ing a prior malignancy. This is 7% of all patients with CLL. Almost half of the patients were
older than 75 at the time of the CLL diagnosis. Breast and prostate cancers were the most
frequent sites of FPM, contributing to 41% and 31% of all FPMs among women and men with
CLL. (Table 1) Eleven percent of the male patients had lung cancer as FPM. After excluding
synchronous cases, only 5.5 % of the male second CLL patients had earlier been diagnosed

with lung cancer. (Results not shown) The median interval between diagnosis of FPM and CLL
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Table 1 Characteristics of cancer survivors who developed a second Chronic Lymphocytic Leukaemia
(CLL) in the Netherlands in 1989-2008

Male Female
Nr of patients 621 346
Age at diagnosis FPM
0-64 years 182 (29%) 117 (34%)
65-74 years 235 (38%) 123 (36%)
75-95 years 204 (33%) 106 (31%)
Age at diagnosis of CLL as SPM
30-64 years 114 (18%) 78 (23%)
65-74 years 227 (37%) 107 (31%)
75-95 years 280 (45%) 161 (47%)
Ranking of FPM by site
1 Prostate (31%) Breast (41%)
2 Skin, other? (14%) Colon and Rectum (14%)
3 Colon and Rectum (13%) Skin, other? (10%)
4 Lung, Bronchus and Trachea (11%) Corpus Uteri (7%)
5 Haematolymphopoetic (6%) Skin, Melanoma (6%)
Median diagnosis interval in months (IQR)' by age at FPM diagnosis
0-64 years 45 (3-96) 59 (4-111)
65-74 years 22(3-58) 30(1-82)
75-95 years 13 (1-46) 13 (1-46)

Source: Netherlands Cancer Registry
"Interquartile range
2 non-melanoma skin cancers excluding basal cell carcinoma

was two years. Diagnostic intervals were shorter among those diagnosed with a FPM at older
age: 13 months for those aged 75+, 22 and 30 months for patients between 65 and 74 years
(males and females respectively) and 45 and 59 months (males and females respectively) for
those younger than 65 years.

Overall, cancer survivors had a 50% higher risk to be diagnosed with CLL than the gen-
eral population (SIR 1.5; 95% Cl: 1.4-1.6). Table 2 shows that this increased risk of CLL was
observed among all cancer survivors regardless of gender and age at diagnosis of FPM. The
excess risk compared to the general population ranged between 30% and 80%. The group
with the highest risk consisted of oldest male survivors with an 80% higher risk than the
population (95% Cl: 1.5-2.0). After exclusion of synchronous CLL, increased risk was no longer
observed in any of the subgroups, except for males who were younger than 65 at diagnosis
of FPM (SIR 1.2; 95% Cl: 1.1-1.5).

The risk for CLL was highest in the first year after FPM diagnosis (SIR: 3.0; 95% Cl: 2.7-3.3).
After excluding synchronous CLL, SIRs were no longer elevated during the first ten years after
FPM diagnosis (Table 3). After ten years of follow-up an increased risk of 30% was observed.
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Table 2 Standardized Incidence Ratio (SIR) according to age at diagnosis of First Primary Malignancy for
all second Chronic Lymphocytic Leukaemia (CLL) cases and for Metachronous CLL cases only

Synchronous and metachronous CLL cases Metachronous CLL cases only
Age (years) Males Females Males Females
N SIR 95% Cl N SIR  95%Cl N SR 95%Cl N SIR  95%Cl
0-64 182 1.6* 14-1.9 17 14 1.1-1.6 136 1.2* 1.1-15 90 1.0* 08-13
65-74 235 1.3* 1.2-15 123 14 1.2-1.7 169 1.0* 0.8-1.1 87 1.0* 08-1.2
75+ 204 1.8* 1.5-2.0 106 1.4* 12-1.7 135 1.2* 1.0-1.4 69 09* 07-1.2

Source: Netherlands Cancer Registry
*) p< 0.05 N: Numbers, 95% Cl: 95% Confidence Interval

We additionally analysed the distribution of treatment and sites of FPM for patients who
were diagnosed with a CLL more than ten years following the FPM diagnosis. We found no
difference in the pattern to that observed for the general patients included in this study.
Table 4 illustrates the SIRs for CLL by treatment of the FPM. An increased risk of CLL was
found for patients in all treatment categories except for those who received both chemo-and
radiotherapy as treatment of FPM. If synchronous CLL cases were excluded from the analysis,
only patients who had surgical treatment (without radiation or chemotherapy) remained
at increased risk of CLL (SIR 1.2; 95% CI 1.1-1.4). Patients who received both chemo- and
radiotherapy had a reduced risk of CLL (SIR 0.5; 95% Cl 0.2-0.9).

DISCUSSION

We found 967 patients with CLL following a prior malignancy over the past 20 years, which forms 7%
of all newly diagnosed CLL cases. Overall, cancer survivors in the Netherlands had a 50% higher risk

Table 3 Standardized Incidence Ratio (SIR) for second Chronic Lymphocytic Leukaemia CLL according to
number of months since diagnosis of First Primary Malignancy (FPM)

Months after All Males Females

diagnosis FPM N SIR 95% Cl N SIR 95% Cl N SIR 95% Cl
0-121 401 3.0 2.7-3.3 261 2.9% 2.6-3.3 140 3.3* 2.7-3.9
412 120 09* 08-1.1 80 0.9* 0.7-1.1 40 09* 07-13
13-60 290 1.0 09-1.1 203 11* 1013 87 0.8* 07-1.0
61-120 181 1.1% 1.0-1.3 106 1.1* 09-14 75 1.1* 0.9-14
>120 95 1.3*% 1.1-1.6 51 1.4* 1.0-1.8 44 1.2*% 0.9-1.6

Source: Netherlands Cancer Registry

' Synchronous cases included

2. Synchronous cases excluded

*) p< 0.05

N: Numbers, 95% Cl: 95% Confidence Interval
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Table 4 Standardized Incidence Ratio (SIR) according to treatment received for First Primary Malignancy
(FPM) for all second Chronic Lymphocytic Leukaemia CLL cases and for Metachronous CLL cases only

Treatment of FPM Syn- and metachronous CLL cases Metachronous CLL cases only

N SIR 95% Cl N SIR 95% Cl
Chemotherapy 72 1.4% 1.1-18 4 0.8** 0.6-1.1
Radiotherapy 206 1.3* 1.1-14 145 0.9%* 0.7-1.0
Chemo- and Radiotherapy 19 1.1* 0.7-1.7 8 0.5%* 0.2-09
Surgery only 492 1.6* 1.5-1.7 380 1.2%* 1.1-14
Other 178 1.6* 14-1.8 112 1.0%* 08-1.2

Source: Netherlands Cancer Registry
*) p< 0.05
N: Numbers, 95% Cl: 95% Confidence Interval

to be diagnosed with CLL than the general population. This risk was highest for males older than 75
years. However, after excluding synchronous cases, an increased risk for CLL was only observed in
males younger than 65 years at the time of diagnosis of FPM. Furthermore, no excess risk of second
CLL was observed within ten years after diagnosis of the FPM. Neither did we find an increased risk
of CLL among cancer survivors who underwent chemo- and/ or radiotherapy, rather being reversed.

The median interval between a FPM and CLL (two years) was shorter than the median interval
between a FPM and a general second malignancy (all types of second cancer; three years)'. The
short time to detection could be the result of increased surveillance in cancer survivors. CLL is
often typically diagnosed coincidentally, when lymphocytosis is noticed during routine blood
tests. At the time of cancer diagnosis, intensive clinical check-ups might thus incidentally detect
subclinical CLL that otherwise would remained undetected for a long time if not for ever. We
also hypothesize that this explains the presence of lung cancer as one of the most frequent sites
of FPM to precede CLL. In general lung cancer should contribute little to the incidence of SPMs,
because of its poor prognosis'>. However, intensified check-ups start soon after the diagnosis,
neutralising the effect of survival time on the incidence of SPMs, hence the emergence of lung
cancer patient as one of the most common FPMs before CLL diagnosis.

After exclusion of synchronous cases, male cancer survivors who were younger than 65 at
the time of diagnosis of FPM remained the only group with an increased risk of CLL. This is
another indication for the role of increased detection. In the general population, men under
the age of 65 have the lowest average number of doctor’s consultations'. Hence, the dif-
ference in number of clinical check-ups (and therewith the chances of CLL being detected
coincidentally) between cancer survivors and the general population is largest in this group,
creating a gap between observed (rates in survivors) and expected (rates in population)
cases, leading to a substantial increased risk of CLL.

Our results on the risk of CLL according to prior cancer therapy confirmed the findings of
previous studies that therapy for a prior cancer generally does not increase the risk of CLL.
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Two earlier studies among patients with endometrium and prostate cancers showed that
radiotherapy for these malignancies did not increase the risk of CLL'*%.

The reduced risk among patients that received both chemo- and radiotherapy could be
the consequence of very intense monitoring of this group in the first three months after
diagnosis of FPM. In general, about 30% of the cases of CLL being a SPM are diagnosed within
three months after diagnosis of the FPM. Among patients that received both chemo-and ra-
diotherapy this is 58%. Detecting many patients at a certain period at a subclinical phase, will
cause a temporary increase in incidence, followed by a decline, as all the cases that normally
would be detected by the time the patient presented with symptoms are already diagnosed.

We found an increased risk of CLL ten years after the diagnosis of FPM, especially in males.
Although the effect of radiation emerges earlier in haematological malignancies than in solid
tumours?', CLL could be an exception due to its very long latent period’. In our study we did
not find any further evidence to support this hypothesis.

To our knowledge, this is the first study that uses national cancer registry data with good
quality data and ample number of cases assuring the validity of the results. However, this
study is limited by the lack of data on risk factors, stage of CLL and details of prior treatment
(such as intensity of radiation or type of chemotherapy). Furthermore, we should bear in
mind that due to the long indolent course of the disease and lack of pathology reports to
signal new CLL cases, there is a possible delay in the detection and registration of CLL, caus-
ing CLL cases appearing to be the second malignancy while they actually were the first.

In conclusion, increased detection seems to be the main cause of the increased incidence
of CLL among cancer survivors, especially in males younger than 65. As the number of cancer
survivors is increasing, the number of patients with second CLL will follow the same trend.
Further research on the increased incidence more than ten years after diagnosis of a FPM, the
prognosis of second CLL and its influence on the FPM is warranted to support physicians and
patients in decision making for this increasing group of complex patients.
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ABSTRACT

Objective: to assess time trends of risk of melanoma as a second primary cancer (MSPC)
among cancer patients in the Netherlands during 1989-2008

Method: Data from the population-based Netherlands Cancer Registry (NCR) were used for
an analysis of time trends in risk of MSPC in a fixed inception cohorts design (1989-1990,
1996-1997 and 2003), with similar length of follow-up. Standardized incidence ratios (SIR)
and absolute excess rates (AER) were calculated to estimate relative risks and excess absolute
risks of MSPC.

Results: Differential time trends of risk in MSPC were observed, i.e. decreasing for SIR and
increasing for AER in both sexes, but not reaching significance. Over time, AER changed from
24 to 72 per 10,000 person years (p for trend=0.01) in male patients with a prior melanoma
during 2-5 years of follow-up. Whereas, among females with a first squamous cell carcinoma
of skin, AER sharply increased (p for trend=0.3) over time during the first year of follow-up,
coinciding with a decrease during the 2-5 years of follow-up period (p for trend=0.1). MSPCs
diagnosed later during follow-up were thicker than those diagnosed earlier this difference
being only statistically relevant among male patients with a prior melanoma. The observed
favourable risk trend among female patients coincided with thicker MSPCs than males..

Conclusion: Differential risk trends were observed for MSPC among cancer patients during
the past two decades in the Netherlands that did not seem to be affected by greater aware-
ness of the disease. Since the stage distribution of MSPCs worsened during follow-up, efforts

should be made to earlier diagnosis of MSPC.

Key words: Incidence, Melanoma, surveillance, Second Primary Neoplasm
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INTRODUCTION

In the Dutch population, the incidence of cutaneous malignant melanoma (CMM) has
been increasing with 4% annually between 1989 and 2005, most likely having two types
explanations: higher exposure to exogenous risk factors (i.e. sunlight, sun-beds), together
with changes in clothing and improved awareness of signs of the disease (partly reflected by
Freckle Bus type of actions) , lower barrier to visit a dermatologist resulting in more diagnosis
of relatively benign lesions 2.

Improved survival among cancer patients results in an increase in the number of patients
alive thus amenable to second primary cancers, including melanomas (MSPC), diagnosed
after any first cancer diagnosis >*. MSPC ranked the 8" most prevalent multiple malignancy
among cancer survivors in the Netherlands °.

As melanoma is a potentially lethal cancer and a melanoma diagnosis has been shown to
negatively impact health-related quality of life ¢, analyzing time trends of MSPC in cohorts of
cancer survivors is of both clinical and public health importance.

As MSPC and its precursor lesions occur on the skin, they can in theory be more easily
recognized and diagnosed in early stages. Changes in awareness of melanoma in the popula-
tion can affect incidence trends and stage at diagnosis of MSPC. A better understanding of
trends in the occurrence of MSPC may facilitate both primary and secondary prevention of
melanoma among cancer survivors.

The objective of current study is to evaluate time trends on risk of MSPC in the Netherlands
between 1989 and 2008.

MATERIALS AND METHODS

Data

Population-based data from the nationwide Netherlands Cancer Registry (NCR), which
was started in 1989 and is maintained and hosted by the Comprehensive Cancer Centers,
were used’. The NCR is based on notification of all newly diagnosed malignancies in the
Netherlands by the automated pathological archive (PALGA). Additional sources of patient
identification is the national registry of hospital discharge diagnoses, which accounts for up
to 8% of new cases’. Information on patient characteristics such as gender and date of birth,
as well as tumor characteristics such as date of diagnosis, sub site (International Classifica-
tion of Diseases for Oncology (ICD-0-3), histology, stage (Tumor Lymph Node Metastasis
(TNM) classification® and grade, are obtained routinely from the medical records at about 6-9
months after diagnosis. The quality of the data is high, due to thorough training of the regis-
trars and computerized consistency checks at regional and national levels. Completeness is

estimated to be at least 95%". In addition to passive follow-up via the hospitals, date of death
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is also retrieved from the Municipal Personal Records Database which contains all deaths or
emigrations in the Netherlands since October 1994. For patients diagnosed before October
1994, follow-up was completed by merging the database with municipality death records or
with the Central Bureau for Genealogy, which registered all deaths in the Netherlands.

Of note, in the Netherlands cancer registry, 96% of non-melanoma skin cancers are squa-
mous cell carcinomas of the skin and 4% are rare skin cancer types ''. Basal cell carcinomas
are only registered in the south Netherlands Eindhoven Cancer Registry.

Definition of melanoma as a second primary cancer (MSPC):

We define a CMM (ICD-10: C43) following diagnosis of any type of invasive cancer that was
recorded in the Netherlands cancer registry in 1989-2008 a melanoma as a second primary
cancer (MSPC). We only included invasive MSPC in the analysis (N=388).

Fixed inception cohorts:

Cancer patients were grouped into 3 cohorts based on period of diagnosis of first cancer
(1989-1990, 1996-1997, and 2003). We followed each of the cohorts for the same period of
1 day after first cancer diagnosis until a maximum of 5 years of follow-up time; i.e. follow-up
years were 1989-1995 for the first cohort, 1996-2002 for the second cohort and 2003-2008
for the third cohort. Occurrence of MSPC, second other cancers, death or end of study
(i.e. December 31 1994 and 1995, December 31 2001 and 2002, and December 31 2008),
whichever came first, defined the end of follow-up. In this design we aimed to use maximum
information on MSPC while taking both equal follow-up periods and avoiding overlapping in

follow-up calendar years '%.

Statistical analysis used to assess changes in risk of MSPC

(1) Incidence number and rates.

Number of cases with an MSPC was described according to sex and cohorts. Crude inci-
dence rates of MSPC were calculated as the number of cases divided by the person years
at risk in each cohort. To correct for differences in age structure over cohorts, rates were
adjusted to the European Standard Population. European standardized incidence rates
of melanoma were computed for both single and total melanoma diagnosis (incl. single
and multiple diagnoses) in 1989-2008.The difference between these two incidence rates
is due to the occurrence of MSPC. Of note, this measure is prone to a bias from different
follow-up duration: with longer follow-up, more MSPCs are expected to occur, resulting
in a higher MSPC incidence and hence a bigger gap.

S

Standardized incidence ratio (SIR) and absolute excess risk (AER).
SIR expresses the excess incidence relative to the background incidence, defined as the
ratio between observed and expected number of patients with MSPC.

124



Trends in risk of second primary melanoma amongst cancer patients in the Netherlands, diagnosed 1989-2008

AER expresses additional incidence beyond the background rate in the general population,
defined as the difference between the observed and expected number of patients with MSPC
divided by the person years at risk and expressed in per 10,000 person years.

To compute expected numbers, person years at risk for each of the sex-, age- (5-year
band) and calendar year-specific (1-year band) strata were multiplied by the corresponding
incidence rate in the general population and then summed across strata'. Person years at
risk in each cohort was calculated summing individual follow-up times at the date of first
cancer diagnosis until the occurrence of the MSPC, of other second cancer, end of the cohort
(December 31 1994 and 1995, December 31 2001 and 2002, and December 31 2008) or death,
whichever came first. Therefore maximum individual follow-up time was five years and mini-
mum follow-up is one day.

Patients with zero follow-up time (N=51; 10%) were deleted from SIR and AER analysis.

AER was presented in two follow-up periods post-first cancer diagnosis: in 0-1 year and in
2-5 years according to sex and type of first cancers.

Tests for linear trend in relation to period of diagnosis were performed by incorporating a
parameter in the relevant Poisson regression model with consecutive nonnegative integer
values corresponding to increasing or decreasing levels of the factor and comparing the
deviance statistic with that of a model without the relevant parameter.

Statistical significance was defined as a 2-sided p-value of less than .05.

Results

During a maximum of 5 years follow-up time, 388 (181 males and 207 females) patients were
diagnosed with a MSPC among the 298,218 cancer patients included in the 3 inception co-
horts. Characteristics and MSPC incidence rates of the 3 cohorts are described in Table 1. The
age-adjusted incidence rates of MSPC cases per cohort were 5.1, 7 and 8.6 per 10,000 person
years for cohort 1989-1990, 1996-1997 and 2003, respectively. Median age at diagnosis in
patients with a melanoma as first primary malignancy was 51 years (interquartile range (IQR):
36-64 years), for patients with a first non-melanoma skin cancer, 74 years (IQR: 64-79 years)
and for other types of first cancer 62 years (IQR: 52-74 years). The time interval between
diagnosis of the first cancer and MSPC significantly shortened over time among patients with
a first squamous cell carcinomafrom 3.4 years in the first cohort (1989-1990) to 2.2 years in
the 2003 cohort in men and from 2.6 to 0.7 years in women (p=0.06 and p=0.1, respectively).
Among patients with a first melanoma, the diagnostic interval seemed to be around 1 year
longer over time, however not statistically detected.
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Figure 1 European standardized incidence rate of melanomas (Diagnosed with single melanoma vs with
invasive melanomas (incl. SPM) according to sex (males G; females @), in period of 1989-2008

Over time, a growing difference between incidence rate of all melanoma diagnosis and
single melanoma diagnosis was observed in both sexes indicating a growing proportion of
MSPC in the total melanoma incidence (Figure1).

Between 1989 and 2008, trends in risk of MSPC were observed to decrease for SIR and to
increase for AER in both sexes, but these changes did not reach statistical significance. The
SIR for men changed from 2.2 (95% Cl 1.6-3.1) to 2.0 (95%CI 1.5-2.6; p for trend=0.8). For
women it changed from 2.1 (95%Cl 1.6-2.7) to 1.6 (95%Cl 1.6-2.7) (p for trend=0.2) (Figure
2a). AER varied from 2.7 (95%Cl 2.6-6.1) to 4.5 (95%Cl 2.4-6.1) per 10,000 person years (p for
trend=0.6) in men and from 2.7 (95%Cl 0.9-4.8) to 2.6 (95%Cl 1.1-5.0) per 10,000 person years
(p for trend=0.8) in women (Figure 2.b).
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Figure 2.a Standardized incidence ratio (SIR) (95% Cl) for melanoma as a second primary cancer (MSPC)

in 3 inception cohorts (1989-1990, 1996-1997 and 2003) according to sex
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Figure 2.b Absolute excess risk (AER, per 10,000 person years) (95%Cl) for melanoma as a second primary

cancer (MSPC) in 3 inception cohorts (1989-1990, 1996-1997 and 2003) according to sex

We observed that the highest SIR and AER of MSPC were among patients with a prior
melanoma diagnosis, with SIR=19.6 (95%Cl: 15.5-24.7) in men and 13.2 (95%Cl: 10.8-16.1) in
women. Corresponding AERs were 48 and 36 per 10,000 person years for men and women

respectively. (Appendix).
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During 2-5 years of follow-up, AER for MSPC increased over time from 24 to 72 per 10,000 person
years (p for trend=0.01) among male patients with a prior melanoma diagnosis. In the same group,
there was a tendency for a decreasing trend of AER for MSPC over the cohorts in the first year post-
first cancer diagnosis from 65 to 53 per 10,000 person years, although this did not reach significance
(p=0.4). Among female patients with a prior squamous cell carcinoma diagnosis, a sharp increase in
AER over time was observed in the first year after first cancer diagnosis (p for trend=0.3), tending to
decrease over time in 2-5 years of follow-up period (p for trend=0.1) (Table 2.a-b).

Breslow thickness of MSPC was thicker in females than it was in males (0.8 VS 1.1 mm). In
general it was higher among MSPCs that were diagnosed later in follow-up (i.e. 2-5 years)
compared to those found earlier (i.e. 0-1 year follow-up). But this difference only became
statistically significant, though marginal, among male patients with a first melanoma (0.5 VS
1.1 mm; p=0.05). (Table3)

Table 2.a Absolute excess risk (AER per 10,000 person years) (95%Cl) for males according to follow-up
time (0-1 year and 2-5 years follow-up) in 3 inception cohorts (1989-1990, 1996-1997, and 2003)

AER (10,000 person years)

0-1year 2-5years
Period of diagnosis of first
cancer 1989-1990  1996-1997 2003 pfortrend 1989-1990 1996-1997 2003 p for trend
Type of first cancers
Melanoma 65(42-137)  87(58-158) 52(26-140) 04 24(16-62)  36(22-56) 72(53-107) 0.01
Squamous cell carcinoma ' 0 5(2-9) 13 (5-58) 04 15(7-32) 8(3-20) 10(3-23) 0.5
Other non-skin cancers
(including breast, prostate
cancer, and other cancers) 3(1-6) 5(3-8) 3(1:9) 0.5 3(2-5) 4(2-5) 9(6-12) 0.002
All first cancers combined 3(2-8) 5(3-9) 4(2-9) 03 4(3-6) 4(3-6) 8(5-12) 0.004

Source: Netherlands Cancer Registry

Table 2.b Absolute excess risk (AER per 10,000 person years) (95%Cl) for females according to follow-up
time (0-1 year and 2-5 years follow-up) in 3 inception cohorts (1989-1990, 1996-1997 and 2003)

AER (10,000 person years)

0-1year 2-5years
Period of diagnosis of first cancer 1989-1990  1996-1997 2003 pfortrend 1989-1990 1996-1997 2003  pfortrend
Type of first cancers
Melanoma 42(24-96) 97 (65-147) 96(58-160)  0.06 24(15-40) 20(12-33) 36(23-57) 0.2
Squamous cell carcinoma’ 0 6(1-54) 39(27-120) 03 8(2-6) 13 (6-27) 0 0.1

Other non-skin cancers (including breast, 4 (1-8) 8(5-13) 6(4-12) 0.2 3(2-5) 4(2-5) 4(2-6) 0.8
prostate cancer, and other cancers)

All first cancers combined 4(2-7) 8(5-12) 9(5-14) 0.07 3(2-5) 4(3-6) 3(2-7) 0.7

Source: Netherlands Cancer Registry
Note: '. Basal cell carcinomas were not registered in the Netherlands Cancer Registry

129



Chapter 2.6

Table 3 Average Breslow thickness (in millimeters) of second primary cancer (MSPC) according to sex and
follow-up period (0-1 year and 2-5 years)

Male Female
Over all 0.8 1.1
Type of first cancers 0-1year 2-5 years P-value'  0-1year 2-5years p-value'
Melanoma 05 1.1 0.05 05 0.7 03
Squamous cell carcinoma * 0.7 1 0.6 1 12 0.9
Other non-skin cancers 1.1 18 0.1 17 1.9 0.7
Allfirst cancers combined 038 15 0.08 1.1 15 0.5

Source: Netherlands Cancer Registry
Note: '. p-value calculated by Wilcoxon-Mann-Whitney test due to lack of normality
2. Basal cell carcinomas were not registered in the Netherlands Cancer Registry

DISCUSSION

Age-adjusted incidence for MSPC among cancer patients diagnosed during 1989-2008 in the
Netherlands increased from 5 to 9 per 10,000 person years. However, standardized incidence
ratios (SIR) and absolute excess risks (AER) for MSPC remained unchanged, suggesting that the
trend of MSPC paralleled that of melanoma incidence in the general population '. The AER for
MSPC in patients with a first non-skin cancer was minimal (i.e. AER<10 per 10,000 person years).
The time trend of AER for MSPC among males with a prior melanoma increased, especially in
the 2™ to 5" year post-diagnosis of the first cancer. Among female patients with a prior squa-
mous cell carcinoma of skin, the AER for MSPC increased in the first year of follow-up, coinciding
with a non-significant decrease during 2 to 5 years of follow-up. In general, MSPC diagnosed
earlier in follow-up were thinner than diagnosed later in both sexes. Females have thicker MSPC
compared to males, which is in contrast with observations for first primary melanomas 4>
In male patients with a prior melanoma, there seemed to be a prolonged diagnostic lag
for MSPC over time from 1.5 to 2.6 years in the Netherlands between 1989 and 2008. This
observation, together with the observed increasing excess risk over time later in follow-up
time (i.e. in the period 2-5 years post-diagnosis of the melanoma), plus the probable decreas-
ing trend for MSPC risk within the first year of follow-up after first melanoma, suggesting
a delayed diagnosis of MSPC in this population. It is reported that many melanomas were
patient-detected lesions 7. A worsened risk trend of MSPC might reflect worsened self-
examination skills among male melanoma patients. Also Francken et al found that melanoma
patients may benefit from a regular review by their clinicians to reach early detection of MSPC
because the prior melanoma diagnosis not necessarily increases the number of self-detected
MSPC ', It seems that changes in their compliance to follow-up schedule may also play a role
in forming the down-going trend. Interestingly, in both above-mentioned aspects, females
perform better than males, which explain their optimal diagnostic trend for MSPC &7,
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Among female patients with a prior squamous cell carcinoma of skin, the rising AER trends
for MSPC early in follow-up period (i.e. 0-1 year post-first cancer diagnosis) was accompanied
by a declining AER trends later in follow-up (i.e. 2-5 years post-first cancer diagnosis), coincid-
ing with a shortened diagnosis lag for MSPC from 2.6 to 0.7 years in the past 2 decades. A
similar, but less pronounced trend was observed among males. These observations seem to
point to increases in awareness of melanoma over time in this patient group and or among
their treating physicians which might have led to a reduced incidence burden of MSPC later
on. Unfortunately, notwithstanding these seemingly favorable time trends among women,
Breslow thickness of their MSPC was higher compared to males.

Increased awareness of melanoma might arouse the suspicion of over-diagnosis espe-
cially for these second lesions, resulting in unnecessary worries among patients with limited
benefit gain 2. A recent study showed that Dutch women with thin melanomas (Breslow
thickness<=1mm) have more follow-up exams than required by the Dutch guideline ',

Any conclusion on a potential over-diagnosis of MSPC should be accompanied by data on
cause-specific survival in the different patient groups. If over-diagnosis exists, the increased in
incidence should be accompanied by a Table or even an increase of survival. Though, such data
are not available, from our observations, over-diagnosis is unlikely for those second melano-
mas. For instance, MSPC in male melanoma patients diagnosed during 2-5 years after their first
melanoma had a mean Breslow thickness of 1.1 millimeter (mm), whereas the Breslow thickness
in early-found (i.e. 0-1 year) MSPC was 0.5 mm. Although statistically only marginal differences
in Breslow distribution were detected, the impact on survival of several tenths of one millimeter
might be substantial: the relative excess risk of dying of patient Breslow thickness 1-2 mm was
about 5 times higher than those with a Breslow thickness <=1Tmm'. The same theory applies
for patients with a first squamous cell carcinoma of skin. Instead of worrying on over-diagnosis,
more efforts should be put to diagnose MSPC earlier during follow-up.

Upon interpreting these findings, we should be aware of changes of exposure to risk factors
(e.g. UV sunlight) can also have influenced the observed time trends of MSPC risk?°. However,
as specific trends in relative risk (SIR) of MSPC were not observed, the pattern of risk factor
exposure in cancer patients seems to be similar to that in the general population during the
observing period, therefore are less likely to explain the observed differential trend?'.

To our knowledge, this is the first study to analyze trends of MSPC among cancer patients and
relate them to melanoma awareness. The long-standing population-based Netherlands cancer
registry (1989-2008) data guarantee the representativeness of Dutch population and validity
of the estimates.
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CONCLUSION

Excess risk for melanoma as a second primary cancer (MSPC) tends to increase in the past
two decades in the Dutch cancer patients, though not reaching statistical significance. The
worsening of stage distribution of MSPCs during follow-up should be addressed by better

surveillance approaches.
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Appendix: Standardized incidence ratio (SIR) and Absolute excess risk (AER, per 10,000 person years) for
melanoma as a second primary cancer (MSPC) among cancer patients in the Netherlands (1989-2008)

Males Females
Type of fist cancer in SIR (95%Cl) AER (per 10,000 pyrs) SIR (95%Cl)  AER (per 10,000 pyrs)
Colon and rectum 15(13-1.7) 19 1.3(1.1-15) 1
Skin, Melanoma 15.9(14.6-17.3) 46.6 12.0(11.1-12.9) 384
Skin,Suquamous cell carcinoma 39(34-44) 12 3.2(2.7-3.7) 838
Prostate 1.6 (14-1.8) 27 na. na.
Breast na. na. 1.5(1.4-1.6) 18

Source: Netherlands Cancer Registry
n.a. not applicable
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ABSTRACT

Aims: to examine the impact of second colon cancer risk of dying from any cause amongst
patients with a previous stage I-lll colon cancer.

Methods: From the Netherlands Cancer Registry, we retrieved data of 65,795 patients with
stage I-lll colon cancer who were 50 years or older, diagnosed between 1989 and 2008
followed until Feb 1st 2010. We computed hazard ratios (HR) comparing patients with and
without a subsequent colon cancer using Cox proportional hazards modeling incorporating
second colon cancer as a time-dependent covariate. Stratified analyses were performed ac-
cording to age groups and stage of first cancer diagnosis. Prognostic factors, such as sex, age,
stage, periods of diagnosis, subsite, treatment of the second cancer, and its association with

the risk of dying from any cause was examined.

Results: In total, 2,911 (4%) patients were diagnosed with a second colon cancer which
elevated overall mortality by 40% (HR=1.4 95%Cl 1.3-1.5). The adverse impact of second
colon cancer on overall survival decreased with age and stage at first cancer diagnosis: be-
ing HR=1.7, 95%Cl: 1.3-2.1, amongst patients of 50-59 years versus HR=1.3 (95%Cl: 1.2-1.5)
amongst patients of 80+ years , and being HR=1.7 (95%Cl 1.5-1.8) for patients with stage |
colon cancer versus HR=1.2 (95%Cl 1.1-1.3) for patients with stage Ill colon cancer. Advanced
age at second colon cancer diagnosis (increasing to HR=4.4 (95%Cl 3.5-5.6) in patients aged
80+years compared to 50-59 years old) and advanced stage (HR=1.9 (95%Cl 1.6-2.2) for stage
Il versus stage ) strongly predicted poor survival. Sex, cancer subsite, lag-time, and period of
diagnosis did not add to predictions of survival. Younger patients often had a second colon
cancer 4 years (interquartile range 2-8 years) after the first and tend to receive two times ag-
gressive treatment (e.g. resection+adjuvant chemotherapy) compared to the older patients.

Conclusions: A second colon cancer increased overall mortality amongst patients with a
previous colon cancer, in particular amongst the younger age groups and those with local-
ized disease. Whether increased toxicity of undergoing aggressive treatment twice affected
survival negatively or aggressiveness of the underlying disease is a topic for further study.
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INTRODUCTION

The markedly improved survival amongst cancer patients has generated a higher prevalence
of second primary cancers'. Approximately 2% to 10% of all colorectal cancer diagnoses are
subsequent lesions?®. In 2007, it was estimated that more than 20% of colon cancer survivors
live with a second colon cancer in the Netherlands®. A three-fold increased risk to develop
a second cancer in the colon and rectum has been reported, which was possibly related to
shared risk factors and increased surveillance after first cancer diagnosis”®.

We recently reported an increased risk for a second colon cancer amongst survivors of
colorectal cancer that remains elevated in long-term survivors i.e. 5 years and longer®. This per-
sistent elevated risk in combination with the worsened staging by longer follow-up indicates
the need for enhanced surveillance in this survivor group™. A systematic review showed that
more intensive follow-up after curative intent resection for colorectal cancer (CRC) improves
survival''. Rosso et al have shown that including a second cancer diagnosis decreased relative
survival by 0.5% amongst patients with a prior colon cancer' But these studies did not assess
prognostic factors which can facilitate communication between doctors and patients. Condi-
tional survival amongst colon cancer survivors facilitates this communication and surveillance
after cancer however, only a few prognostic factors can be separately explored'.

Therefore, to understand important prognostic factors as well as to estimate the elevated
magnitude of mortality after second colon cancer, we conducted the current study.

MATERIAL AND METHODS

Data and patient selection

We used population-based data from the nationwide Netherlands Cancer Registry (NCR). Data
registration started in 1989 and is maintained and hosted by the Comprehensive Cancer Cen-
ters'. The NCR is based on notification of all newly diagnosed malignancies in the Netherlands
by the automated pathological archive. An additional source of patient identification is the
national registry of hospital discharge diagnoses, which accounts for up to 8% of new cases™.
Information on patient characteristics, such as sex and date of birth, and tumor characteristics,
such as date of diagnosis, subsite (International Classification of Diseases for Oncology (ICD-
0-3)") and stage (Tumor Lymph Node Metastasis (TNM) classification'®) are obtained routinely
from the medical records by the NCR at about 6-9 months after diagnosis. If pathological stage
was missing, clinical stage was used. The quality of the data is high and completeness is esti-
mated to be at least 95%. In addition to passive follow-up via hospitals, date of death is also
retrieved from the Municipal Personal Records Database that contains all deaths or emigrations
in the Netherlands since October 1994. For patients diagnosed before October 1994, follow-up
was completed through NCR by merging the database with municipality death records or with

the Central Bureau for Genealogy, which registers all deaths in the Netherlands.
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There were 107,958 new invasive colon cancer cases diagnosed between 1989 and 2008.
Since patients aged younger than 50 years have a higher rate of hereditary syndromes (i.e.
hereditary non-polyposis colorectal cancer (HNPCC)), we excluded them from analyses to
avoid case-mixing with sporadic colon cancer cases'®. We also excluded patients older than
95 years, patients with stage IV colon cancer of their first colon tumor, those with unknown
stage of their first colon cancer, and patients with a second cancer other than a colon cancer
(N=39,163). In total 68,795 patients were included in the analysis. Patients were followed until
February 15 2010 with respect to their vital status.

The NCR records multiple cancers according to International Association for Cancer
Registries (IACR)™. In short, a second primary cancer must be in a different segment of the
colon than the primary cancer irrespective of time interval between two cancers diagnoses.
Cancers in the same segment of the colon are regarded as the same malignancy, and are
counted as one primary cancer'. We included 2, 911 atients with a second colon cancer.

Statistical analysis
The overall mortality ratio between patients with two colon cancers and those with a single
colon cancer was defined as the outcome of interest.

Reported patients’ demographics were stratified by number of primary colon cancers.
For patients with two colon cancers, treatment for the first and second colon cancer were
reported according to age at first cancer diagnosis for metachronous cancers only because
the patients with two tumors diagnosed long enough are less likely to be treated twice.

We used the Kaplan-Meier method to construct cumulative overall survival proportions.
The survival curves for all-causes of death were plotted from the time of the first cancer
diagnosis for those with only one colon cancer and from the time of diagnosis of the second
cancer for those with two. The difference in survival curves was tested using log-rank tests at
statistically significant level of p-value<0.05.

The mortality rate between patients with one cancer and patients with two colon cancers were
compared in a Cox proportional hazard (CPH) model with the second colon cancer as a time-
dependent covariate. Mortality ratios were also calculated stratified for four age groups (50-59,
60-69, 70-79 and 80+ years) and in three stages (I, I, lll). We controlled for potential confounders
including sex, age at first cancer diagnosis (50-59, 60-69, 70-79 and 80+ years), stage (I, IL1ll), loca-
tion of the first cancer (proximal- and distal-colon), and initial treatment for the first cancer (resec-
tion alone, resection and adjuvant chemotherapy).’'Unknown’and ‘other treatment’ (including no
treatment at all, radiotherapy alone, systemic therapy alone, systemic therapy + radiotherapy,
systemic therapy + resection and systemic therapy + resection + radiotherapy) were presented
as one group. In this analysis, patients were followed-up since first cancer diagnosis and second
colon cancer was entered as time-dependent covariate. We assumed a linear relationship of
lag-time. Interactions between age and stage, stage and treatment, as well as the interaction
between age, stage and treatment were evaluated using likelihood ratio test.
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Table 1 Characteristics of patients with one and two colon cancers (N=65,795), diagnosed in the
Netherlands, 1989-2008

Patient characteristics Two colon cancers N=2,911 One colon cancer N=62,884
1st colon ca 2nd colon ca
Median surviving time (years, IQR") 4.8(2.1-9.6) 29(1.3-6.6) 3.7(15-7.6)
Sex (men, %) 1,467 (50) 29,159 (46)
Age at diagnosis, in years (%)
Median (IQR") 72 (65-78) 74 (67-80) 72 (64-79)
50-59 318(11) 227 (8) 8,662 (14)
60-69 807 (28) 716 (25) 16,845 (27)
70-79 1,181 (41) 1,157 (40) 22,951 (37)
80+ 605 (21) 811(28) 14,426 (23)
Period of diagnosis (%)
1989-1993 737 (25) 451 (16) 12,884 (21)
1994-1998 761 (26) 668 (23) 14,154 (23)
1999-2003 699 (24) 778(27) 16,002 (25)
2004-2008 714(25) 1,014 (35) 19,844 (32)
Stage (%)
| 610 (21) 929 (32) 11,802 (19)
I 1,426 (49) 896 (31) 19,581 (47)
1l 875 (30) 530(18) 21,501 (34)
[\ na.* 196 (7) na.*
Unknown na.* 360 (12) na.*
Sub site (%)
Proximal-colon 1,754 (60) 1,924 (66) 34,168 (54)
Distal-colon 1,157 (40) 987 (34) 28,716 (46)
Lag-time? (%)
0-0.5 year 1,720 (59) na.*
0.51-5 years 814 (28) na.t
>5 years 377(13) na.*
Treatment (%)
Resection only 2,488 (86) 2,311 (79) 51,076 (81)
Resection + adjuvant chemotherapy 388(13) 460 (16) 10,088 (16)
Other+unknown? 35(1) 140 (5) 1,72003)

Source: the Netherlands Cancer Registry

'interquartile range

2interval between the first and second colon cancer diagnosis

3 Other+unknown treatment including no tumor treatment, radiotherapy alone, systemic therapy alone,
systemic therapy + radiotherapy, systemic therapy + resection, systemic therapy + resection + radiotherapy,
and unknown

“not applicable

141



Chapter 3.1

Furthermore, we assessed factors that might affect the risk of dying amongst patients with
two colon cancers, namely lag-time, sex, age at second cancer diagnosis, and tumor charac-
teristics of the initial colon cancer (i.e. stage, treatment, and sub sites) using CPH model. For
this analysis, survival time was counted since diagnosis of the second colon cancer.

Model fit was evaluated using residual-based graphical methods and goodness-of-fit test
statistics. All reported p-values were two sided, the statistical significance level was set at <0.05.

RESULTS

Among the 65,795 patients with a prior colon cancer, only 2,911 (4%) patients developed
a second cancer in the colon. Median lag-time between the first and second colon cancer
diagnosis was 1 month (Interquartile range (IQR) =0.1-26 months, Table 1).

Patients were on average 72 years old at diagnosis of the first colon cancer and 74 years at the sec-
ond. Median surviving time from the first colon cancer was 3.7 years (IQR=1.5-7.6 years) in patients
with one colon cancer only, and 4.8 years (IQR=2.1-9.8 years) in patients with two colon cancers.
When comparing characteristics of the first colon cancer between these two groups of patients, we
observed that patients with two colon cancers had more often proximal lesions (60% versus 54%),
underwent h resection (86% versus 81%) and less often adjuvant therapy (13% versus 16%) or were
diagnosed more recently (i.e. 2004-2008) as compared to those with one colon cancer only.

As for the second colon cancers, more than half (59%) was diagnosed within 6 months after

the first colon cancer. Second cancers were more often diagnosed in the most recent study pe-

Cumulative survival (%)

T T T
o 5 10 18 20

Sunvival Time (years)

[subgroup— ——6— one colon cancer — — — two colon cancers |

(log-rank test P<0.0001 reference=one colon cancer )
Source: Netherlands Cancer Registry

Figure 1 Cumulative survival in patients with one and with two colon cancers, diagnosed in the
Netherlands 1989-2008

Note: follow-up started from the diagnosis of the first cancer for patients with one colon cancer, and from the
diagnosis of the second cancer in case of two colon cancers.
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Table 2 Death hazards from any cause between patients older than 50 years with one and two colon
cancers using multivariate analysis, also stratified for age and stage (I-1ll) at diagnosis of the first colon
cancer in the Netherlands 1989-2008 (N=65,795)

Number of colon cancers Multivariate HR'? 95%(Cl
One 1.0 Reference
Two 14 1.3-15
Stratified analysis Unadjusted Multivariate HR'
HR 95%Cl HR 95%Cl
Age at diagnosis of 1% colon cancer (years)
50-59 15 1.2-1.7 17 1.3-2.1
60-69 14 1.2-15 15 14-1.7
70-79 1.2 1.2-14 14 13-15
80+ 1.2 1.1-14 13 1.2-15

Stage of 1** colon cancer

| 18 1.6-2.0 1.7 15-1.8
Il 1.2 1113 13 12-14
Il 13 12-14 12 1.1-13

Source: the Netherlands Cancer Registry

"Patients were followed-up since first cancer diagnosis, the second colon cancer being a time-dependent
covariate

2 Multivariate analysis adjusting for sex, age at first cancer diagnosis, stage, primary treatment and interaction
between age and stage at cancer diagnosis

riod (35%, 2004-2008) and situated in proximal area of the colon (66%). The majorities of these
cancers were stage | and stage Il diseases, hence more likely to receive only resection (79%).

Comparing prognosis between patients with two and with one colon cancer

Overall survival of patients with one colon cancer was significantly better than those with
two, 45% and 52% after 5 years (Figure1), irrespective of lag-time between the two colon
cancers (data not shown).

In multivariate analysis, patients with two colon cancers experienced a 40% higher mortal-
ity rate (HR=1.4, 95% confidence interval (95%Cl) = 1.3-1.5) compared to those with only
one colon cancer. Mortality ratio was largest in the younger age group and declined with
increasing age, HR=1.7 (95%Cl=1.3-2.1) when the first cancer was diagnosed below 60 years,
declining to 1.5 (95%Cl=1.4-1.7), 1.4 (95%Cl=1.3-1.5) and 1.3 (95%Cl 1.2-1.5) in the 60-69,
70-79 and 80+ years age groups, respectively (Table 2).

Prognostic factors amongst patients with two colon cancers

Table 3 illustrates associations between potential prognostic determinants and all-cause
death amongst patients with two colon cancers since the diagnosis of the second cancer. Risk

of dying of any cause increased with advanced age and stage at second colon cancer diagno-
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Table 3 Determinants of hazard of dying from all causes amongst patients with two colon cancers, in the
Netherlands 1989-2008 (N=2,911): a multivariate analysis

Univariate Multivariate®
HR 95%Cl HR 95%Cl
Sex
Women 1.0 0.9-1.1 09 0.8-1.0
Age at diagnosis for 2" colon cancer (years)
50-59 1.0 Reference 1.0 Reference
60-69 15 1.2-1.9 15 1.2-1.9
70-79 23 1.8-29 22 1.8-28
80+ 44 3.5-55 44 3.5-56
Stage of 2" colon cancer
| 1.0 Reference 1.0 Reference
I 1.1 1.0-13 1.1 1.0-13
I} 1.6 14-1.8 1.9 1.6-2.2
\% 22 1.6-2.8 26 1.6-3.6
Sub site of 2" colon cancer
Proximal-colon 1.0 0.9-1.1 0.9 0.8-1.0
Distal-colon 1.0 Reference 1.0 Reference
Lag-time?
0-0.5 year 1.0 Reference 1.0 Reference
0.51-5 year 0.8 0.7-1.0 0.9 0.7-1.0
>5 year 1.0 0.9-1.1 0.9 0.8-1.0
Period of diagnosis of 2" colon cancer
1989-1993 1.0 Reference 1.0 Reference
1994-1998 0.9 0.8-1.0 0.9 0.8-1.0
1999-2003 0.8 0.7-0.9 0.8 0.7-1.0
2004-2008 0.8 0.7-1.0 0.8 0.7-1.0
Treatment of 2" colon cancer
Resection alone 1.0 Reference 1.0 Reference
Resection + Adjuvant chemotherapy 0.7 0.6-0.8 0.8 0.6-0.9
Other+unknown?* 26 1.7-4.0 3.0 2.0-47

Source: the Netherlands Cancer Registry

' Survival time is counted since diagnosis of the second colon cancer

2 Lag-time: time interval between the first and second colon cancer diagnosis

3 Multivariate analysis included: age at diagnosis, stage, periods of diagnosis, and treatment, and interaction
between age and stage

4Other+unknown treatment including no tumor treatment, radiotherapy alone, systemic therapy alone, systemic

therapy + radiotherapy, systemic therapy + resection, systemic therapy + resection + radiotherapy, and unknown

sis. Patients receiving adjuvant chemotherapy in addition to resection for the first cancer had
a 30% reduction in mortality rate (HR=0.7, 95%Cl 0.6-0.8) compared to those receiving only
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resection. Sex, sub site, diagnosis period of the initial cancer and lag-time between the first
and second colon cancer did not affect significantly the prognosis after the second cancer.

100% -
90% -

80% -
70% -

60% -
50% -
40% -
30%
20% -

10% -

0%

50-59 60-69 70-79 80+
Age at first cancer diagnosis (years)

® Other combinations
W Resection+adjuvant chemotherapy-Resection+adjuvant chemotherapy
B Resection-Resection+adjuvant chemotherapy

OResection-Resection
Source: Netherlands Cancer Registry

Figure 2 a Treatment combination of the first and second metachronous colon cancers (i.e. lag-time'>0.5
year) amongst patients with two colon cancers, according to age at first cancer diagnosis (N=1,191)

Treatment combinations for the first and second colon cancer according to age
at first cancer diagnosis

We presented treatment combinations of first and second metachronous colon cancer (i.e. lag-
time >6 months) according to age at first cancer diagnosis (50-59 years, 60-69 years, 70-79 years,
and 80+ years). We chose metachronous cancers only because the intensive treatment for cancer
often occurs in this period of time (6 months) and second cancers diagnosed in this period are less
likely to be treated for two times. The lag-time between two colon cancer diagnoses decreased
with higher age (Figure 2). Amongst patients younger than 60 years, the second colon cancer was
often found 4 years after the index cancer, whereas, for older patients (60+) it was found around
2 years after the first colon cancer. Younger patients often received more aggressive treatment
(resection and adjuvant chemotherapy) compared to the older patients (resection only).
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Source: Netherlands Cancer Registry

Figure 2 b Combined treatments of the first and second metachronous colon cancer (i.e. lag-time' >0.5
year) amongst patients with stage Il disease according to age at first cancer diagnosis (N=60)

DISCUSSION

We found that a second colon cancer elevated mortality by 40% in patients with colon can-
cer. The adverse impact of second colon cancer on overall survival was more pronounced
amongst patients aged<60 years at diagnosis of first colon cancer and amongst patients with
early stage first colon cancer. For patients with two colon cancers, advanced age and higher
stage of the second cancer were associated with poorer survival, whereas, sex, lag-time
between the first and second cancer, and period of diagnosis were not.

Our findings were comparable with previous results from a regional Dutch cancer registry
where colon cancer patients with comorbidity (7.1% were previous malignancies) had 30%
higher mortality risk (HR=1.3) compared to those without a comorbidity’. The small discrep-
ancy of 10% in our study (HR=1.4) may be related to different inclusion criteria between these
two studies. Moreover, we only included patients with stage I-lll first colon cancer whereas
this other study included patients with stage IV that could lower the HR.

In our study, being diagnosed in more recent years was not associated with improved
overall survival. In contrast, van Steenbergen et al. observed an improved survival amongst
patients who were diagnosed more recently with colon cancer in the Netherlands, which
is mainly due to the increasing administration of chemotherapy to patients with stage I
and Ill disease?. Older patients (75+ years) are less likely to receive adjuvant chemotherapy
than younger patients?'. Since patients in our study population were on average 74 years
at second cancer diagnosis, this may explain why we did not observe significant improve-
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ment in survival over time?*22, Furthermore, 63% of patients with a second colon cancer was
diagnosed with stage | or Il disease who have a smaller improvement in survival®.

We observed that a second cancer elevated overall mortality in particular amongst the
younger age group (age 50-59 years). A possible chemotherapy-related toxicity effect might
be associated with the poor survival amongst the younger patients. There is a clear increas-
ing administration of aggressive treatment of both colon cancers (i.e. resection+adjuvant
chemotherapy). Chemotherapy is associated with a large range of toxicity, like neutropenia
and gastrointestinal toxicity. Although chemotherapy improves survival, severe toxicity
(>WHO grade Il) may negatively impact overall survival®. Only few studies have investigated
the toxicity of chemotherapy on colon cancers and its relation with survival, especially in
young patients?*?¢. Based on these previous studies one may suspect a higher mortality due
to double dosage of chemotherapy.

We observed that lag-time (i.e. interval between the first and second cancer) is not signifi-
cantly associated with survival, which is different from what was observed amongst women
with contralateral breast cancer, whereby shorter lag-time was related to poorer survival.
Hence authors suggest the needs for closer surveillance to patients with two cancers diag-
nosed shortly after each other®. Our study suggests follow-up of patients equally irrespec-
tive of lag-time between two cancers. Yet, our earlier study found that with longer follow-up,
especially after 5 years since first cancer diagnosis, stage distribution of second colon cancer
becomes less favorable possibly due to less intensive follow-up®'°. This in combination with
continuous increased risk of second colon cancers after 5 years of follow-up (standardized
incidence ratio (SIR) =1.6 95%Cl 1.5-1.7, with absolute excess risk (AER) =15 per 10,000 person
years) enhanced follow-up for should be considered to earlier detect the cancer.

The main limitation is the lack of cause-specific death data. We observed that the second
colon cancer elevated overall death in particular amongst the younger patients (HR=1.7
versus HR=1.3 for patients aged <60 years and >80 years) and amongst those with early
stage disease (HR=1.7 versus HR=1.2 for patients with stage | and stage lll first colon cancer).
Apart from the possible adverse effect of two times of treatment for two colon cancers, this
elevated overall death could be caused by the low baseline mortality rate amongt younger
patients and patients with stage | colon cancer (i.e. mortality of patients with only one colon
cancer)®. The HR of patients with two cancers as compared to patients with one is a relative
measure between the mortality after a second cancer and its baseline mortality. Even if after a
second cancer mortality rate is the same across age or stage groups, the HR remained higher
amongst those with lower baseline mortality: the young and the ones with early stage. In
order to distinguish these differences, cause-specific death data is important.

Our study is the first nation-wide population-based study estimating mortality differences
between patients with one and with two colon cancers, using the high quality data from the
Netherlands Cancer Registry for a period of 20 years. Using second colon cancer as time-
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dependent covariate in the Cox model adjusted for lag-time between two colon cancers,
which increases comparability of patients with one and with two colon cancers.

CONCLUSION

The higher overall mortality of patients with a second colon cancer after a previous colon
cancer occurred especially at middle age and amongst those with lower stage of disease
of the first cancer. However, this also leads to more aggressive adjuvant treatment with
potential harmful side effects. Further study on understanding the causes of death of these
patients is necessary.
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ABSTRACT

Purpose: To compare overall survival between women with unilateral breast cancer (UBC)
and with contralateral breast cancer (CBC).

Methods: Women with UBC (N=170,067; 95%) and CBC (N=8,835; 5%) recorded in the Neth-
erlands Cancer Registry 1989-2008 were included and followed until 2010. We incorporated
CBC as a time-dependent covariate to compute the overall mortality rate ratio between
women with CBC and UBC. Prognostic factors at CBC diagnosis (i.e. time interval between
first and second cancer, period of diagnosis, histology, tumour size, lymph node status and
treatment) and their associations with overall death were examined according to age at first
breast cancer.

Results: Absolute five-year survival for women with UBC and CBC was 78% and 71%, re-
spectively (p-value <0.0001). Women with CBC exhibited a 40% increase in overall mortality
(HR=1.4; 95%Cl=1.3- 1.4) compared with UBC, decreasing with rising age at diagnosis of first
breast cancer (<49 years: HR=2.4 (95% Cl 2.3-2.6) versus >70 years HR=1.1 (95 % Cl 1.0-1.1)).
Compared to CBC diagnosed < 2 years after the first breast cancer, women older than 50
years at a CBC diagnosis at 2 to 5 years exhibited a 20% higher death risk (HR=1.2 (95% Cl 1.0-
1.3), whereas in such women below age 50 the HR was significantly lower when the interval
exceeded 5 years. Over time a clear improvement of the prognosis was observed for women
with CBC at every age.

Conclusion: Women with CBC had a lower survival compared to women with UBC, espe-
cially those younger than 50 years, suggesting that some CBC tumours were metastases.
Further explorations need to underpin a tailored follow-up strategy beyond current recom-
mendations for young breast cancer patients without known familial risk before the start of
population-based screening.
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INTRODUCTION

Worldwide, breast cancer is a major burden for women’s health'. In 2010, breast cancer was
the most frequently diagnosed cancer among women in the Netherlands2 Marked improve-
ments in survival have been achieved in the last 20 years due to a combination of earlier
detection and improved treatment, resulting in 2% annual decrease in breast cancer mortal-
ity since 199534 Mass screening was gradually introduced since 1990 for women aged 50-69,
being extended to 75 years since 1998. Since 1995, familial risk based detection programme
of mostly younger women was also introduced.

In the Netherlands the absolute annual number of newly diagnosed breast cancer patients
has been predicted to increase from 13,257 in 2010° to over 19,000 in 2030, taking into ac-
count demographic changes and historical changes in rates®. This increase, combined with
improved survival, will result in large increases in the number of breast cancer survivors, who
have a 3.5-fold increased risk of being diagnosed with a contralateral cancer (CBC) compared
to the risk of breast cancer in the general population’.

Previous research addressed the influence of CBC on survival but results have been incon-
sistent. While some studies showed a negative effect on survival by CBC®", others, mainly
using hospital-based data and small numbers of patients, found a similar'®2! or even better
prognosis for CBC patients?2. Some studies observed a better prognosis for CBC among long
term breast cancer survivors' 2,

In order to study the impact of CBC on survival we performed a population-based study
using data from the high quality Netherlands Cancer Registry (NCR). Our main aim was to
compare survival of patients with unilateral breast cancer (UBC) with that of patients with
CBC, taking into account the influence of age, stage, histology, type of treatment, and period
of diagnosis of the first cancer. In addition, we explored prognostic factors for overall mortal-

ity among patients with CBC aiming to underpin adequate follow-up strategies.

METHODS

Data collection

The study cohort was obtained from the NCR that provided incidence data on all types of ma-
lignancies, except basal cell carcinoma, including multiple malignancies, diagnosed between
1989 and 2008. Vital status was updated through annual linkage of deaths through the Dutch
Municipality Register. The NCR receives notifications of newly diagnosed cases from the dif-
ferent pathology laboratories, all participating in the Dutch nationwide network and registry
of histo- and cytopathology of the Netherlands (PALGA)%. In addition, hospitals provide lists
of newly diagnosed discharged cancer patients. Trained tumour registration clerks extract
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data on patient demographic features, tumour characteristics and primary treatments. A
high degree of accuracy and reliability of NCR data has previously been reported?.

Unilateral disease was defined as one primary cancer in one breast and we defined
CBC as a second primary breast cancer occurring in the opposite breast. We followed the
guidelines from the International Association of Cancer Registries (IACR) on multiple primary
neoplasms®. A primary cancer is defined as a malignant tumour originating at a primary site
which is not an extension, neither a recurrence nor a metastasis. According to the definition
from IACR, recognition of the existence of two or more primary cancers does not depend on
time interval between cancer diagnoses.

Study population

In the NCR, we identified 204,438 women diagnosed with breast cancer diagnosed between
1989 and 2008, followed until Feb 1 2010. Women diagnosed with a new second non-breast
cancer (N=12,192; 6%) and women who developed an ipsilateral breast cancer (N=547; 0.3%)
were excluded from the analysis, resulting in 180,396 women diagnosed with UBCand 11,303
women with CBC. From the 191,699 women we further excluded patients with non-invasive
(N=2,079; 1%) and stage IV (N=10,476; 5%) first breast cancer, as well as women older than
95 years at the time of first breast cancer diagnosis (N=235; 0.1%). Seven women were not
included in the analysis due to a negative time interval between the first and second tumouir,
probably due to data entry errors. Finally, 170,067 and 8,835 women with UBC and CBC
respectively were included for the analysis.

Statistical analysis

Demographic and tumour characteristics were presented for UBC and CBC as numbers
and proportions of women in each sub-group. Significant differences in distribution of the
variables were identified with Chi-square tests. Survival proportions of patients with UBC
and CBC were calculated using the Kaplan-Meier method, applying the log-rank test to test
differences between these two groups.

The overall mortality rate ratio between patients with UBC and CBC was the outcome of
interest. Survival time was defined as the duration from diagnosis of first breast cancer until
either date of death from any cause, or the date last known to be alive at the end of predeter-
mined censoring date (i.e. Feb 1 2010). Survival was estimated using Cox proportional hazard
regression models. The impact of CBC diagnosis was assessed in a univariate and multivariate
model adjusting for age, histology, tumour size, nodal involvement, treatment and period of
diagnosis of the first breast cancer. The models were constructed using CBC diagnosis as a
time-dependent covariate. We also performed subgroup analyses by age at diagnosis (<49,
50-69 and =70 years), tumour size (<2.0, 2.1-5.0 and >5.0 cm) and nodal involvement (node-
negative or positive) of the first cancer to explore potential differences in overall mortality of
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CBC versus UBC in these subgroups, thereby using time-dependent survival analysis of CBC
patients. This was done to avoid potential ‘healthy patient’ bias.

In the second stage of the analyses we explored factors that affected risk of death from all
causes among patients with CBC only: age, period of diagnosis, tumour size, histology, nodal
involvement and treatment of patients with CBC as well as the interval time between the
first and second cancer. We used a Cox proportional hazard regression model with follow-up
starting from diagnosis of CBC. In order to explore possible differences depending on age, we
performed additional analyses in each age category group (<49, 50-69 and =70 years). The
proportional hazard assumption was not violated, as assessed by modeling the interaction
between the covariates and (log) time.

For age, tumour size and nodal involvement, the same categories were used as for the
subgroup analyses, mentioned earlier. Treatment variables were categorized into surgery
alone (S) as well as combination of surgery with adjuvant treatment(s), i.e. surgery and
radiotherapy (S+RT), surgery and radiotherapy and systematic treatment (immunotherapy,
hormonal and chemotherapy, S+RT+ST) and surgery and systematic treatment (S+ST). Three
follow-up intervals were defined: <2.0 years, 2.1-4.9 years and >5.0 years since diagnosis of
the first tumour.

Statistical significance was set at p-value <0.05. Statistical analyses were performed using

the statistical software programme SAS v 9.2.

RESULTS

Demographic and tumour characteristics of women who developed UBC and CBC are pre-
sented in Table 1. There was no significant difference in the distribution of age at the time
of the first cancer diagnosis between women with UBC and CBC (median age of 59 versus
60 years). Most breast cancers had a size of 2.0 cm or less, 81% among women with UBC
and 88% for first cancers of the CBC group. Women with CBC presented significantly more
often with negative lymph nodes at first cancer diagnosis than women with UBC (54% versus
48%, p-value<0.001). A third (31%) of all UBC patients received surgery, radiotherapy and
systemic therapy, compared with 23% of the first cancers of the CBC group. Twenty percent
of the women with UBC received surgery alone, compared to 27% in the first cancer of the
CBC group. The proportions of patients’ receiving surgery and systemic treatment or surgery
and radiotherapy were largely similar for patients with UBC as compared to the first cancer
in patients with CBC. The vast majority of UBC (78%) and the first cancers in the CBC group
(74%) were of ductal type. Forty-six percent of the CBC occurred within the first two years
after the first breast cancer diagnosis.

Of the patients with CBC, 45% were between 50 to 69 years old at their CBC diagnosis.
Given the fact that the mass screening programme had started in 1990 for women at this age,
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Table 1 Demographics, tumour characteristics and treatment of women diagnosed with unilateral and
contralateral breast cancer (CBC) in the Netherlands, 1989-2008.

Patient characteristics First and only breast cancer Two breast cancers including contralateral
N (%) 170,067 (95) N (%) 8,835 (5)
First of the two Second of the two

Median age at diagnosis

(inter quartile range (IQR)) 59 (49-71) 60 (49-71) 64 (53-75)
Age (years)
<49 44,708 (26) 2,297 (26) 1,523(17)
50-69 78,055 (46) 4,074 (46) 4,019 (45)
>70 47,304 (28) 2,464 (28) 3,293 (37)
Tumour size (cm)?
<20 138,421 (81) 7,770 (88) 7,464 (84)
2.1-5.0 25,590 (15) 802 (9) 998 (11)
>5.0 3,883(2) 178 (2) 213(2)
Missing 2,173(1) 85(1) 160 (2)
Lymph node status®
Negative 81,207 (48) 4,801 (54) 4,589 (52)
Positive 63,551(37) 2,730 (31) 2,348(27)
Unknown 25,309 (15) 1,304 (15) 1,898 (21)
Period of initial diagnosis
1989-1993 32,987 (19) 2,719(31) 987 (11)
1994-1998 38,404 (23) 2,680 (30) 1,864 (21)
1999-2003 46,134 (27) 2,151 (24) 2,667 (30)
2004-2008 52,542 (31) 1,285 (14) 3,317 (37)
Interval between 1st and 2nd tumour (years)
<2.0 NA 4,088 (46)
2.1-49 NA 2,448 (28)
>5.0 NA 2,299 (26)
Primary treatment®
Salone 33,901 (20) 2,365 (27) 2,550(29)
S+RT 45,500 (27) 2,643 (30) 1,773 (20)
S+RT+ST 52,310(31) 2,059 (23) 1,786 (20)
S+ST 28,136 (16) 1,300 (15) 2,014 (23)
Other/none/unknown ® 10,220 (6) 468 (5) 712 (8)
Histology
Ductal 133,049 (78) 6,534 (74.) 6,418(73)
Lobular or lobular-mixed 24,435 (14) 1,560 (18) 1,675 (19)
Other/unknown ¢ 12,583 (7) 741 (8) 742 (8)

Source: Netherlands Cancer Registry

2 Includes only TNM stage |, Il and IlI.

bS: Surgery alone, S+RT: Surgery with radiotherapy, S+RT+ST: Surgery with radiotherapy and systemic therapy,
S+ST: Surgery with systemic therapy. Other/none/NK includes no treatment at all, unknown or not classified
treatment  Includes tubular, medullary, Paget, mucinous and unknown.
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Figure 1 Cumulative survival curves of women with contralateral breast cancer (CBC) (N=8,835) and
unilateral breast cancer (UBC) (N=170,067), diagnosed in the Netherlands, 1989-2008.

Note: for patients with UBC, follow-up starts from first cancer diagnosis; for patients with CBC, follow-up starts
from the second cancer.

being extended to 75 years since 1998, most of these patients (84%) were diagnosed with a
small tumour (<2 cm) and negative lymph nodes (52%).

Impact of Contralateral Breast Cancer on overall mortality
Absolute five-year survival for patients with UBC and CBC was 78% and 71%, respectively
(p<0.001, Figure 1).

When comparing risk of death from all causes for women with CBC and with UBC adjust-
ing for age, tumour size, nodal involvement, histology, treatment and period of diagnosis
of first cancer, we found that women with CBC had a 40% higher risk of dying compared to
UBC patients (Hazard ratio: HR 1.4, 95%, confidence interval (95%Cl): 1.3-1.4), Table 2). When
performing subgroup analysis by covariates, the HR for death due to any cause was more
than twofold higher for women with CBC compared to UBC (HR: 2.4, 95%Cl: 2.3-2.6): this only
pertained to women aged 50 years or less at the time of first breast cancer diagnosis. CBC
had an independent impact on overall mortality from nodal status and tumour size of the
first breast cancer (Table 2).

Prognostic factors among women with Contralateral Breast Cancer
In the univariate analysis investigating prognostic factors amongst young (below 50 years)
CBC patients, interval between the diagnosis of the first cancer and CBC, tumour size, lymph

node status, histology and period of diagnosis significantly influenced survival (results not
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Table 2 Hazard ratio (HR) and 95% confidence interval (Cl) of overall mortality in women with
contralateral (CBC) versus unilateral breast cancer (UBC), diagnosed in the Netherlands, 1989-2008, and
according to age and stage at initial breast cancer diagnosis (N=178,902).

Univariate HR 95%Cl Multivariate HR® 95%Cl

Number of breast cancer

1 (unilateral) 1 Reference 1 Reference

2 (contralateral) 15 1.45-1.55 14 1.35-145
Subgroup analysis: Unadjusted HR 95% Cl Adjusted HR® 95% Cl
Age at first cancer diagnosis (years)

<49 2.1 2023 24 23-26

50-69 1.5 14-1.6 17 1.6-1.8

>70 1.0 0.9-1.0 1.1 1.0-1.1
Tumour size of firsta cancer (cm)

<20 1.5 1.5-1.6 14 14-1.5

2.1-5.0 1.6 14-1.8 13 1.1-14

>5.0 13 1.0-1.7 14 1.1-1.7
Lymph node status of first cancer*

Negative 1.7 1.6-18 1.5 14-16

Positive 14 1.3-15 13 1.2-14

2Includes only TNM stage |, Il and lIl.

b Adjusted for tumour size, lymph nodes involvement, histology, treatment, age, and period of diagnosis of first
breast cancer

¢Hazard Ratios of CBC compared to UBC adjusted for age, histology, tumour size, lymph node involvement,
treatment, period of diagnosis and at diagnosis of first cancer.

Source: Netherlands Cancer Registry

shown). In the older groups (aged = 50 years), the variables mentioned above influenced
survival with the addition of treatment and the exception of histology for women aged 70
years and above at diagnosis of CBC (results not shown).

In the multivariate analysis, large tumour size and a positive lymph node status conferred
an increased risk of death from any cause (Tables 3). Size of CBC as a determinant of overall
death had the highest impact among the younger group (HR: 3.3, 95%Cl: 2.1-5.0). Similar
observation was also observed for lymph node status (HR: 2.7, 95%Cl: 2.1-3.4). An interval
between cancers of more than 5 years in women diagnosed below the age of 50 years pre-
sented a decreased risk of death (HR: 0.7, 95%Cl: 0.5-0.9). On the other hand, we saw a small
increase in risk of death in the older age groups who were diagnosed with a CBC 2 to 5 years
after the first breast cancer (HR: 1.2, 95%Cl: 1.0-1.4 for the 50 to 69 years group; HR: 1.2, 95%Cl:
1.0-1.3 for the above 70 years group) . Significant lower risks of death were seen among the
younger group of women who received surgery and systematic treatment (HR: 0.6, 95%Cl:
0.5-0.8) compared to surgery alone; but no significant increase was observed in the older
group. A more recent year of diagnosis was associated with lower HR in all age groups as
compared with earlier year of diagnosis.
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Table 3 Determinants of hazard of dying from all causes amongst patients with two colon cancers, in the
Netherlands 1989-2008 (N=1,523): a multivariate analysis

Variables Univariate HR 95%Cl Multivariate HR® 95% CI

Age at diagnosis of CBC (years)

<49 12 1.1-13 1.0 09-1.2

50-69 1 Reference 1 Reference

>70 23 2.1-25 19 1.8-2.1
Preceding interval between 1st and 2nd tumour (years)

<2 1 Reference 1 Reference

2.1-49 0.9 0.8-1.0 1.1 1.0-1.2

25 0.7 0.7-0.8 0.9 0.8-1.0
Period of CBC diagnosis

1989-1993 1 Reference 1 Reference

1994-1998 0.8 0.8-0.9 0.8 0.7-0.9

1999-2003 0.7 0.7-0.8 0.7 0.6-0.7

2004-2008 0.6 0.5-0.7 0.6 0.5-0.6
Size (cm) of CBC?

<2 1 Reference 1 Reference

2.1-5.0 1.1 1.0-1.2 14 1.2-15

>5 2.1 1.7-25 23 19-2.7
Lymph node status of CBC*

Negative 1 Reference 1 Reference

Positive 1.8 1.6-1.9 1.8 1.6-2.0
Treatment of CBC ¢

Salone 1 Reference 1 Reference

S+RT 0.7 0.6-0.8 0.7 0.7-0.8

S+RT+ST 1.1 1.0-1.2 0.9 0.8-1.0

S+ST 1.2 1.1-13 1.0 0.9-1.1
Histology of CBC

Ductal 1 Reference 1 Reference

Lobular or lobular-mixed 1.0 1.0-1.1 1.0 1.0-1.1

Source: Netherlands Cancer Registry
2Includes only TNM stage |, Il and Il
2 Survival time counted since diagnosis of second breast cancer;® Analysis included all variables also

missing values sub-categories; < S: Surgery alone, S+RT: Surgery with radiotherapy, S+RT+ST: Surgery
with radiotherapy and systemic therapy, S+ST: Surgery with systemic therapy.

159



Chapter 3.2

DISCUSSION

We observed that women with CBC had a 40% higher risk of dying from any cause than
women with UBC during the 21 years of study follow-up. CBC diagnosis negatively impacted
on the probability of dying from any cause, especially among women diagnosed with a first
breast cancer before the age of 50 who had more than twofold higher risk of dying compared
to women with UBC of the same age group. Tumours larger than 5 cm among women with
CBC diagnosed before the age of 50 years were associated with a higher risk of death than
in the older groups; explained probably by the presence of more rapidly growing tumours
amongst the young. We also observed significant improvements in the prognosis of patients
diagnosed with CBC since 1989, which is likely due to the introduction of mass screening
for the older age groups and the increasing use of systemic therapies for the younger age
groups.

Our findings on the impact of CBC on overall mortality are in line with previous Dutch
studies. One, covering the north-western and south-eastern part of the Netherlands', also
reported a HR of 1.4 (95%Cl: 1.3-1.6) for patients with CBC compared to UBC. The patient
population in this study originated from three large cancer registries in the Netherlands (45%
of the population, also included in the present study) and more recent study period of diag-
nosis was established (from 1983 to 2002). The effects of implementing sentinel node biopsy
as standard-of-care for breast cancer treatment, being described in literature as resulting in
stage migration towards more positive axillary lymph nodes?, were probably not reflected
as much as in our study. Furthermore, in our study more patients will have received 5 years
of hormone treatment than in the previous study'®, where the majority received 2 years of
hormone treatment. Another small population-based study with similar period of diagnosis
as the previous study', indicated a worse breast cancer-specific survival rate for patients
with a CBC compared with an UBC (41% versus 84% at 10 years, p-value: 0.0045). In a Dutch
study with the same cohort and period as the present study, CBC was an explanation for a
small but significant excess mortality in long-term breast cancer patients studied by means
of conditional 5-year relative survival®.

The impact of a CBC diagnosis on the risk of death is mostly marked among those aged
up to 50 years. Similarly, in Sweden a higher excess mortality was found among younger
compared to older women with CBC'. Based on subgroup analyses, young age negatively af-
fected the prognosis of CBC?®3'. Systemic treatment received for the first breast cancer might
have unfavourably affected the biology of the CBC™. Another hypothesis is that in young
patients the treatment of the CBC is less effective than the treatment of the first breast cancer.
A change into a therapy-resistant phenotype after treatment of the first breast cancer might
negatively affect CBC survival'®2, In addition, younger breast cancer patients also tend to
present with more aggressive form and eventually also more aggressive CBC®' i.e. oestrogen
(ER) and progesterone (PR) receptor negative or HER2 positive tumours®?. Furthermore,

a genetic component might also be related to poor survival among the younger group of

160



Prognosis CBC vs. UBC

patients**. More aggressive tumour characteristics are more likely to present in women with
genetic predisposition to develop breast cancer®.

The risk of death for women with CBC was higher for those with a shorter time interval
between first and second breast cancer diagnosis, this was especially noTable among the
older age groups. This finding concurs with those from other studies reporting a 1.7-3.0
increased mortality rate for an interval of less than 5 years®3'3¢. This worse prognosis of CBC
presenting shortly after the first breast cancer may be due to a misclassification of a metas-
tasis from a true primary breast, due to the difficulty of distinguishing the two. In our study,
a large proportion of the UBC and CBC cases presented with ductal carcinoma. Evidence of
metastatic disease would have to come from the same histologic type, grade and positive
lymph nodes®’. However, standard pathological assessment often fails to provide unam-
biguous evidence for tumour origin, for which genetic analysis is likely to be more reliable®®.
Genetic studies of CBC have found that“CBC" are in fact not always two independent primary
cancers®***, The development of a CBC after a short interval is more likely to represent active
systematic disease (metastasis)*. This might explain why overall mortality among the older
age groups is highest for CBC diagnosed between 2 and 5 years after the first breast cancer.
Another explanation is the possibility of less intensive diagnostic work-up of the CBC in these
age groups. Differences in breast cancer management among older women compared to
younger women been have reported*'. This might suggest the need of adherence to diag-
nostic work-up guidelines for CBC among older breast cancer patients 2 to 5 years after first
breast cancer diagnosis.

Allin all, early detection of CBC in breast cancer survivors is of great importance, especially
for women firstly diagnosed with breast cancer before the age of 50. In the Netherlands,
national guidelines for follow-up care after breast cancer only recently include annual sur-
veillance with mammography and clinical examination for patients below 60 years of age*.
The effectiveness of mammography to detect CBC is still under debate*, having shown low
sensitivity for the detection of bilateral breast cancer in a Dutch study*. Magnetic resonance
imaging (MRI) is recommended for women of the same age with known BRCA1 and BRCA2
mutations*’. Research on more intense surveillance (with MRI or screening ultrasound) for
women with elevated risks of breast cancer showed higher breast cancer detection rates but
also increased false-positive findings, although the risk of false positives was lower among
women with a previous history of breast cancer®.

On the other hand, psychological distress, such as anxiety, plays an important role in
women with an increased (genetic) risk of breast cancer when considering prophylactic
mastectomy“®, psychological aspects might thus also need consideration in the setting of
early detection of CBC. More research is needed to define the tailored follow-up strategy to
earlier detect CBC among young women before they become eligible for the mass screening

programme.
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To our knowledge, our study is the largest population-based nationwide study for CBC sur-
vival. We benefit from using NCR data, which contains high quality detailed, data on a large
number of unselected patients and with complete follow-up. In this study we took into ac-
count the time interval between first and CBC. The use of different cut-off points for the time
intervals used in previous studies to define synchronous and metachronous bilateral breast
cancer (range 0-60 months) might explain the contradictive findings on the impact of a CBC
on mortality'”. The time-dependent Cox proportional hazard model took into account the
interval between the first and subsequent CBC for an accurately comparison of the impact of
CBC and UBC on survival, although we did not have detailed information on tumour grade*
or hormone receptor status. Another limitation was the lack of cause of death. The burden
of co-morbidities among the older patients might have influenced their risk of overall death.

Conclusion

Women diagnosed with CBC had a worse survival estimated from their first cancer as com-
pared to women with UBC, also after adjusting for tumour characteristics and treatment of
the first tumour. This poorer survival was most pronounced among patients younger than 50
years, who might need tailored early detection strategy as mass mammography screening
only starts at age 50 in the Netherlands. Further research needs to evaluate the potential
benefits and harms of such approach.
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General discussion

Due to the aging of the population and prolonged survival of cancer patients more and more
patients are confronted with multiple cancers in a large variety of combinations, depend-
ing on the incidence of the primary cancer, its long-term survival and its direct or indirect
determinants. This pertains particularly to nations with a well- functioning health care system
like the Netherlands because survival is in many cases quite good and the good diagnostic
facilities, making the likelihood of multiple cancers occurring and being detected within
one patient high. This thesis provided estimates of the occurrence of multiple cancers in the
past two decades (1989-2008) diagnosed in the Netherlands (with almost 17 million people
having one of the largest cancer registries in the world), subsequently followed by analyses
of survival. | hope the findings described in this thesis will provoke informed discussion on
etiological and pathogenetic associations between first and subsequent cancers and help to
underpin follow-up strategies amongst cancer patients.

This chapter consists of three parts,

i) Partl: main findings from chapter 1.2-4 are summarized and discussed ,

i) Partll: discussions on strengths and limitations of the studies

iii) Part Ill: clinical implications and future research directions followed by conclusions.

4.1. Research question 1:

What was the prevalence of multiple malignancies in the Netherlands in January 2007?
- What types of cancers often coexist within one patient?
- What are the characteristics of tumors and patients with multiple malignancies?

Part I: Main findings and interpretations

Prevalence data may give important but often ambiguous information to assess the need for care.
In Chapter 1.2, the prevalence of multiple malignancies (MMs) in the Dutch population appeared
to be more than 30,000 (or 7% of all cancer patients alive) on January 1% 2007. This population
is relatively old with a median age of 74 years (IQR 71-76 years) being on average 3 years older
than at the onset of the first cancer. Old age challenges treatment decisions at diagnosis, impairs
survival, in particular when patients have comorbid conditions besides the cancers'>.

We found that the most common prevalent subsequent cancers were those located in
paired organs (breast cancer) or in organs with a large surface (skin and colorectal cancer),
which might be related to ‘field-cancerization’ and also because those cancers are common
in the population®'®. The common cancer pairs of first and second cancers were as follow:

i) Female breast and genital cancers (any order),
ii) Urinary tract and prostate cancer (any order),
iii) Hodgkin's lymphoma and subsequent female breast cancer,

iv) Non-hodgkin’s lymphoma and subsequent cutaneous squamous cell carcinomas.
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Finding the most common subsequent cancers amongst cancer survivors triggers hypoth-
eses for further research to find the explanations for the observed high prevalence of cancers
and may be important information when deciding where to allocate health care resources.

With the growing population of cancer survivors, this prevalence of 30 000 cases in 2007 is
expected to reach 100 000 by 2015, in the Netherlands™'.

Answer box 4.1:

i) On January 1st, 2007, 7% (30 000) of cancer survivors in the Netherlands were alive with
more than one cancer.

ii) They were on average over 70 years at prevalence estimates.

iii) Multiple malignancies are often located in paired organs (i.e breast) and in organs with
large surface such as in colon, rectum, and skin.

4.2. Research question 2:

i) Can we detect risk patterns with increased or decreased relative and absolute risks
amongst cancer patients compared to the general population (i.e. people without a his-
tory of cancer)?

ii) Can these risk patterns inform us regarding potential underlying risk factors for the co-
occurrence of certain types of cancer within one patient?

In Figures 1a-1d, | described risk of common cancers amongst patients with a previous cancer in
breast, prostate, colon & rectum, and melanoma of the skin as compared to general population
(i.e. people without a history of cancer). Detailed analyses on the most common subsequent
cancers (e.g. colorectal cancer, breast cancer, prostate cancer, and cutaneous melanoma) were
performed and presented in Chapter 2. Other analyses on less frequent cancers have been
performed and published outside the scope of this thesis (other publications).

| used standardized incidence ratios (SIR) to estimate the relative risk for cancer between
cancer patients and general population. Absolute excess risks (AER) were used to estimate
how many extra cancer cases occurred as second cancer. Often, risks for cancers are increased
amongst cancer patients compared to people without a history of cancer (i.e. SIR>1 and
AER>0). However, it is also possible that cancer patients are at lower risk for certain cancers
compared to the general population (i.e. SIR<1 and AER<O).

In this section, | will discuss the relative and absolute risk for second cancers, followed
by 4.2.2 the impact of synchronous second cancers on SIR and AER estimates; 4.2.3 risk for
second cancers amongst long-term cancer survivors with first cancers in colon & rectum, and
melanoma of the skin, and 4.2.4: Time trends of subsequent melanoma of the skin amongst
cancer patients between 1989 and 2008.
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Figure 1 Standardized incidence ratio (SIR) and absolute excess risk (AER, per 10,000 person years) of
second metachronous primary cancers amongst patients with a first cancer in breast, prostate, colon &
rectum, and skin (melanoma) in the Netherlands between 1989 and 2008

Source: Netherlands Cancer Registry

Note: 1. Second cancers diagnosed within 6 months after the first were excluded.
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4.2.1 Relative risk and absolute excess risk for second cancers
The occurrence of second primary cancers can be associated with
i) Shared lifestyle risk factors for the first and second cancer,

ii) Side effects from the treatment of the first cancer,
iii) Immune-suppression,

iv) Genetic predisposition,

v) acombination of the aforementioned factors'=

Shared life style risk factors are likely responsible for a higher risk of second cancers which

occur at the same anatomical site as the first one. Survivors of colorectal cancer experienced
a three-fold increased risk for a second cancer in colon and rectum compared with the people
without a history of cancer (Chapter 2.1); survivors of melanoma of the skin had a five- to ten-fold
of higher risk for a second cutaneous melanoma (Chapter 2.2). Cancers occurring at different
anatomical sites or of different subtypes may be related to common lifestyle features as well. High
calorie diets, low levels of physical activity, and smoking may explain why the risk for cancers
in breast and kidney are higher amongst patients with a first colorectal cancer (see also Figure
1¢)'. Patients with melanoma of the skin experienced a higher risk for cancers in lip and skin
(squamous cell carcinoma, SCC) which are probably due to high amounts of UV exposure (e.g.
Figure 1d)™. Shared reproductive factors (e.g. low parity), hormone replacement treatment) or
obesity as risk factors may associate cancers in breast and endometrium (Chapter 2.3). Some-
times, cancer patients have a decreased risk for subsequent cancers compared to the general
population; for instance, patients with melanoma of the skin had a lower risk for lung cancer and
cancers in the upper gastrointestinal (Gl) tract cancers (esophagus, stomach, and small intestine)
(Figure 1d, which might be explained by the high social economic status of melanoma patients
where smoking prevalence is low' . Side effect of initial cancer treatment can be associated with

either increases or decreases of risk for subsequent cancers. A higher risk for lung cancer amongst
breast cancer survivors might be related to initial radiotherapy on the chest during treatment
of breast cancer (see also Figure 1a)". In line with this hypothesis, In Chapter 2.3, we observed
that patients with contralateral breast cancer (CBC) experienced a higher risk for a lung cancer
5 years after radiotherapy was administrated for the first breast cancer. As low levels of ionizing
radiation needs a 5-year lag period between radiation exposure and cancer induction, we suspect
that the aforementioned increased risk is associated with radiotherapy from the first cancer'.
Some protective effects from cancer treatment were also observed. Decreased risks for cancers
of the lung, colon, rectum, ovary, and head and neck were observed amongst women with CBC
receiving chemotherapy for the first breast cancer, hinting towards a potential preventative effect
of chemotherapy (Chapter 2.3). Likewise, males receiving radiation in the pelvic region for first
cancers (e.g. rectal, prostate, testis) showed a lower risk for a prostate cancer subsequent to the
index cancer (Chapter 2.4), hinting that irradiation suppresses early and indolent prostate tu-

mors'2. Immune-suppression might be the explanation for the association between skin cancer

(melanoma, SCC) and haematolymphopoietic malignancies (e.g. Figure 1d).
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Cancer syndromes caused by inherited genetic mutations (e.g. BRCAI/Il HNPCC) may un-

derlie the observed associations between melanoma, breast cancer, and colorectal cancer,
particularly amongst those patients who were very young (often before age 50) at first cancer
diagnosis?'?% Colorectal cancer patients younger than 50 years at diagnosis had a more than
five-fold increased risk for a second cancer in colon and rectum whereas for older patients
the relative risk (SIR) was three-fold increased (Chapter 2.1). We suspect that a substantial
proportion of the young patients were affected by the hereditary nonpolyposis colorectal
cancer syndrome (HNPCC) as this is characterized by frequent occurrence of metachronous
colorectal cancers?. Women with diagnosed with CBC before the age of 50 years experienced
a ten-fold higher risk for an ovarian cancer, probably because many of them were affected
by BRCA I/11*. (Chapter 2.3) Of note, these high risks will have been a bit inflated by the
intensive screening which takes place in genetically affected populations.

Is a high SIR equivalent to a high excessive absolute risk (AER)?

A high SIR does not necessarily translate into a high absolute risk (AER) in rare cancers. For
instance, patients with prostate cancer experience six-fold increased relative risk (SIR) for a
cancer in other male genital organs (e.g. testis, penis) compared to the risk in the general
population. However, absolute excess incidence (AER) due to second cancer is less than 1 in
10,000 person years. Likewise, the higher relative risk of cancers in lip translates to merely ~2
cases per 10,000 person years amongst patients with melanoma of the skin. On the contrary,
SIRs for commonly occurring cancers, like colorectal cancer, breast cancer, and skin cancers
are often relatively moderate, but AERs are high (Figure 1a-1d).

4.2.2 What is the impact of synchronous second cancers on SIR and AER estimates?

Around thirty-five per cent of all second cancers are found synchronously with the first due to
the intensive workups around cancer diagnosis (data not shown). Because of the very short
number of person years at risk (often just 1 day in between), SIR and AER estimates, especially
for the time period shortly after first cancer diagnosis are elevated substantially, which may
cause inflation of second cancerrisk. In fact these synchronous cancers are probably prevalent
cases that without the detection of the first cancer might have been detected later or maybe
never (depending on their localization, tumor size or stage). For instance, in Chapter 2.4 we
observed that cancer patients were at increased risks of developing a prostate cancer. How-
ever, upon excluding lesions diagnosed within the first year after the first cancer, no excess
risk was observed, suggesting that active surveillance after the first cancer elevated the risk
of detecting a (second) prostate cancer which would normally have remained undetected or
would have been detected later. Likewise, after excluding cases diagnosed around the index
cancer (i.e. 3 months), the elevated risk for the second Chronic Lymphocytic Leukaemia (CLL)

disappeared amongst cancer patients. (Chapter 2.5) Therefore, it's crucial to distinguish/
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excluding synchronous lesions when estimating SIR and AER for second cancers to avoid
over-estimation of risk for second cancers.

Worldwide, the definition of synchronous cancers varies: in the US, Surveillance, Epide-
miology and End Results (SEER) Program defines second cancers as those detected within 2
months after the initial cancer®; The Victoria cancer registry (Australia) and the Netherlands
cancer registry apply the coding rules of the International Association of Cancer Registries
(IACR)) guidelines, where the recognition of the existence of second cancers does not de-
pend on time but on location and morphology of cancers?. However, researchers also define
synchronous lesions according to the aim of study. In this thesis, in general we use 6-month
period as the cut-off point to distinguish synchronous and metachronous second cancers,
because generally in this time period the intensive workup and initial treatment for the index
cancer take place. In this thesis, | also applied 3-month and 1-year cut-off points according to
the workup timeline of specific index cancers.

4.2.3 Risk for second cancers amongst long-term cancer survivors

Cancer patients who survive without recurrences or metastasis for 5 or more years are gener-
ally regarded as‘clinically cured’ However, we observed that long-term survivors of colorectal
cancer and melanoma of the skin still have increased risks of developing a new cancer com-
pared to the general population (Chapter 2.1-2.2). Likewise, other studies have showed that
cancer patients are far from being ‘cancer free’ beyond this 5-year mark?-3,

In Chapter 2.1 we saw that amongst patients with an initial colorectal cancer the risk of
getting diagnosed with subsequent cancers in the proximal-colon remained elevated after
5-years of follow-up. It is known that tumors or polyps in the proximal-colon are often missed
(varying from 4-11%) during colonoscopy?'. Likewise, in Chapter 2.2 we have shown a per-
sistently elevated risk for a second melanoma of the skin amongst melanoma (skin) survivors
even up to 20 years. These long-existing increased risks may suggest the need to continue
to follow patients beyond 5 years given the high relative and absolute risks of subsequent
colorectal cancer and melanomas in the skin (for colorectal cancer SIR=1.6; AER > 15/ 10,000
person years, Cl=4%; for melanoma of the skin SIR=10; AER=17/ 10,000 person years, Cl=5%).
However, benefits, adverse effects and costs should be carefully balanced when considering
follow-up schedules and modalities.
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4.2.4 How did the trend of occurrence of second cancer (e.g. melanoma of the skin)
change over the past 20 years in the Netherlands?

The risk for second cancer in a population can decrease or increase over time because of
i) Changes in risk factors,

ii) Early detection programs,

iii) Awareness of cancers,

iv) and changes in cancer profile (i.e. incidence and survival) itself.

Within the framework of this PhD thesis | was able to assess the influence of detection by
presenting changes of risk for second cancers according to clinical exam schedule (i.e. 0-1
year and 2-5 years).

To study variation over time in detection of second cancers, we investigated the diagnosis
of subsequent melanoma as an example because of its high prevalence®, combined with the
increasing awareness of the disease over the past 20 years due to various preventive cam-
paigns and attention from media. We expected an increasing detection rate for melanoma
over time amongst cancer patients, with more subsequent melanomas diagnosed early in
follow-up time in both sexes. Interestingly, we found that amongst male cancer survivors,
over time, less subsequent melanomas were detected in the first year after the index cancer
coinciding with a rising incidence trend later in follow-up (2-5 years after index cancer),
whereas amongst female cancer survivors a clear trend towards earlier detection of mela-
noma over time was observed. As many second melanomas are patient-detected lesions®*34,
a worsened risk trend of second melanoma might reflect less perfect self-examination skills
amongst male cancer survivors, which goes in line with the observation that females are
more aware of skin lesions, more likely to seek physician examinations which leads to early
detection of melanomas in skin3®>=8,Itis also in line with the worse survival and higher mortal-
ity amongst (elderly) men®.
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Answer box 4.2

For 4.2.1

i) Shared life-style risk factors, initial cancer treatment, immune-suppression, and ge-
netic predisposition underline the co-occurrence of second cancers with their index
cancer.

ii) Risks for cancer could be either increased or decreased amongst cancer patients
compared to people without a history of cancer.

iii) A high relative risk for second cancer does not necessarily translate into large abso-
lute risks and therefore a commonly occurring problem.

For4.2.2

iv) To include synchronous second cancer in estimating SIR and AER would over-estimate
the risk for new incident second cancers.

For4.2.3

V) Long-term (i.e. >5years) cancer survivors of skin melanoma and colorectal cancer are
at increased risk for a second cancer.

Vi) Before extending the surveillance schedule beyond the 5-year mark, trade-offs be-
tween health cost and gain should be carefully balanced.

For 4.2.4

vii) There is an increasing trend of occurrence of subsequent melanoma amongst cancer
patients in the past two decades in the Netherlands.

viii) Despite the increasing awareness of disease, over time more subsequent melanomas
were found later in follow-up time in males.

4.3. Research question 3:

What are the prognostic consequences of the diagnosis of a second cancer?

The prognosis of patients with two cancers can be estimated by various methods using differ-
ent outcome measures (e.g. cancer-specific death, relative survival, hazard ratio)**+2

In the current project, we chose Cox proportional hazard model (CPH) to estimate the hazard
ratio between patients with one and with two cancers by incorporating second cancer as a
time-dependent covariate. We conducted studies on patients with colon and breast cancer.
(Chapter 3.1-2)

For both patient groups we observed that diagnosis of a second cancer was associated
with an increased overall death rate, particularly amongst younger patients: with 1.7 (HR=1.7
95%Cl 1.3-2.1) times higher amongst colon cancer patients younger than 60 years and with
2.5 (HR: 2.4, 95%Cl: 2.3-2.6) times higher amongst women with contralateral breast cancer
younger than 50 years. Indeed, aggressive forms of cancers often occur amongst younger
patients. Not only this aggressive nature of cancer accelerates the death of patients, but as
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young patients more frequently receive intensive treatment than older patients, the chance
that they have toxicity or resistance from the treatment is higher**4,

Besides the classic prognostic factors (i.e. stage, age, tumor size, and nodal status), the time-
interval between the first and second cancer is associated with the risk of dying. For instance,
women older than 50 years with contralateral breast cancer (CBC) diagnosed between 2 and
5 years after the first cancer had a 20% increased hazard of dying (HR=1.2 95%Cl 1.0-1.3)
compared to CBCs diagnosed within 2 years after the first breast cancer indicating a progress
(e.g. metastasis) in the disease which negatively influences survival*’. Another possible expla-
nation is the less intensive diagnostic work-up of the CBC in these age groups. Differences in
breast cancer management among older women compared to younger women been have
reported. This might suggest the need of adherence to diagnostic work-up guidelines for
CBC among older breast cancer patients 2 to 5 years after first breast cancer diagnosis.

Answer box 4.3

i) The occurrence of a second cancer negatively affects overall survival of patients with a
previous cancer, especially amongst the young.
i) A short time interval (e.g. <5 years) between cancers may indicate progress of disease

hence decreases survival.

PART Il STRENGTHS AND LIMITATIONS OF THE STUDY

Studies analyzing excess risk for a second cancer using data from a long-standing, good-
quality population-based cancer registry as | preset in this thesis, generally have the advan-
tages of
i) ample sample size;
ii) being representative for the general population;
iii) long-term follow-up; and
iv) using histologically verified cancers.

The data allows to identify high-risk populations and to capture the timing for develop-
ment of certain subsequent cancer types.

However, some drawbacks and limitations should be considered.

]

First of all, risk patterns derived from cancer registry data, are rather ‘detection patterns

than risk patterns’ as we assumed. Unlike classical prospective cohort studies, observed risk
patterns’ can be influenced by detection behavior/frequency from both doctors and patients
themselves. Therefore, when using these patterns to infer on follow-up strategies one should
obtain information on compliance to follow-up.

Secondly, cancer registry data do not contain information on the resected precursors of
cancers, such as polyps in colon and rectum. In Chapter 2.1, we observed an elevated risk
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for a second cancer in the proximal-colon amongst survivors with colorectal cancer, probably
due to a relatively high ‘miss rate’(4-11%) for polyps in the proximal-colon during colonos-
copy®" *4, Unfortunately, we could not test this hypothesis as we did not have (complete)
data on the removed polyps. Hence, if our hypothesis is true, and if the doctors detected and
removed polyps located in the proximal-colon better, the observed higher risk for cancer in
the proximal-colon would be expected to diminish. It is, therefore, based on the observed
increased risk, that the advice of extending follow-up focusing on this segment of colon
should be made with caution.

Thirdly, cancer registries have not collected information on exposure to life style factors
such as smoking, which could be confounders when examining the causal relationship be-
tween initial cancer treatment and occurrence of second cancers. In Chapter 2.3 for instance,
to examine the relation between initial radiotherapy and occurrence of lung cancer amongst
women with breast cancer, we compared relative risks (SIR) for lung cancer between breast
cancer patients who received radiotherapy versus those who did not. If the SIR is much
higher amongst women who underwent /received radiotherapy than amongst those who
did not, we suspect radiotherapy might play a role for the observed higher risk for lung
cancer. However, we should realize that, unlike the situation in randomized controlled trials,
the treatment that a patient receives is influenced by stage, age, and comorbid conditions at
index cancer diagnosis. Hence, it is important to correct for potential confounders including
those listed in the previous sentence and lifestyle factors (e.g. smoking). Due to the lack of
lifestyle information we could not make strong conclusions regarding causal relations be-
tween treatment of our interest and occurrence of a certain second cancer.

Last, cancer registry data provide long-term risk patterns of second cancer which underpin,
together with other prognostic and practical information, follow-up strategies for cancer
patients. However, when explaining newly diagnosed cancer patients that they might be at
long-term risk for getting a second cancer, one should realize that the currently observed
patterns are in fact already outdated as they are derived from patients diagnosed many years
ago. They might have a different underlying risk factor distribution than the new cancer pa-
tients, received a plethora of different types of treatments and the risk may be altered due to
changes of lifestyle after cancer diagnosis®. Therefore, more studies, like the one conducted
in Chapter 2.6, are needed to capture the most recent trends on occurrence of second cancer.
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PART IlI STUDY IMPLICATIONS AND FUTURE STUDIES

4.3.1 Clinical implications: to underpin surveillance and therapeutic strategy
for cancer patients

Firstly, our description on risks of second cancers that located non-adjacent from the first
would facilitate to detect those lesions at earlier stage (Figure1a-d, Chapter 2). Via workups
or follow-up screening second cancers that are adjacent to the first are often found, like
second male genital cancers following a first cancer in prostate; subsequent skin squamous
cell carcinoma (SCC) following a previous melanoma of the skin (Figures 1b, 1d). However,
tumors located more distant from the index cancer may be missed. For example, subsequent
breast cancer amongst patients with colorectal cancer may be missed during routine check-
ups (Figure 1c).

Secondly, we observed an elevated risk for second cancers amongst long-term (e.g. > 5
years) cancer survivors (Chapter 2.1-2.2). This finding may alert patients and their treating
doctors to perform surveillance for second cancers even after a patient is considered to be
‘clinically cured’of the first cancer in order to find any second cancers in early stages. However,
one should be conscious of the risk of ‘over-diagnosis’ of cancer which may result in increased
anxiety, and even reduced health-related quality of life (HRQoL) of cancer survivors without
gains in life-expectancy®'*2

Thirdly, the risk estimates stratified by age and treatment as described in Chapter 2.3 - 2.4
as well as the subgroup analysis on the impact of a second cancer on the overall survival
of cancer patients (Chapter 3.1-3.2) can form an evidence base to underpin surveillance
strategies in specific patient groups.

Last, analysis on associations between prognostic factors (e.g. stage, age, lag-time between
first and second cancer, period of diagnosis) and outcome for second cancers also pin point
groups that needs closer surveillance (Chapter 3.1- 3.2).

4.3.2 Future studies

As a sequel to the studies presented in this thesis, there are several aspects which deserve

further study, further detailed below:

i) Studying more cancer pairs and clusters,

i) Studying treatment dilemmas for patients with second cancers and consequences of
these treatment decisions,

iii) Developing a surveillance strategy for second cancer,

iv) Study possibilities for primary prevention of second cancers through lifestyle changes.

4.3.2.1 More cancer pairs and clusters

In this PhD thesis, | described only a few etiological associations between first and subse-

quent cancers. In Chapter 2.1-2.2, common risk factors for the two cancers of the same type
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(colorectal cancer and melanoma of the skin) were discussed; in Chapter 2.3-2.4 associations
between initial cancer treatment and occurrence of third/second cancer were investigated.
However, other cancer pairs (clusters) which are mutually associated with lifestyle factors like
smoking, alcohol, obesity, as well as infection-related cancer pairs have not been examined
in this thesis. For instance, smoking and alcohol drinking may be the underlying reason why
associate lung cancer and cancers of the upper aerodigestive tract (UADT) often occur in
patients with laryngeal/hypopharyngeal carcinomas®. Similarly, as higher body mass index
(BMI) is associated with an increased risk of breast cancer and also increases the risk for a
second cancer in the breast, endometrium, and colon and rectum, overweight and obesity
may be such a common risk factors®*>. More etiological associations are shown in Table 1.
Identifying cancer types which frequently occur in pairs because of shared risk factor expo-
sures may help to allocate high risk populations for certain cancers in order to optimize early
detection.

Describing time trends of occurrence of such cancer pairs may reveal hints towards changes
in exposure to risk factors and/or changes in surveillance over a period of time. We analyzed
trends of second melanoma of the skin amongst cancer survivors in Chapter 2.6. However,
as another quickly growing burden of skin cancer in the Dutch population, the basal cell
carcinoma (BCC) which often appears as multiple cancers, its incidence has increased three
fold in the past 30 years and it is expected to increase in the future®®=, The decreased risk
of prostate cancer, breast cancer, and colorectal cancer hints to a protective effect of UV
radiation for the aforementioned cancers>*°. Hence studies describing risk patterns and time
trends of BCC of the skin will add valuable information for cancer surveillance and for cancer

primary prevention.

4.3.2.2 Treatment delimmas regarding patients with second cancers

In the late 80s in the Netherlands, initial treatment of Hodgkin’s disease and the occurrence
of second cancers have been described by R. Somers and W.P. Breed®'%2. Later studies on sub-
sequent cancers and its relation with initial cancer treatment as well as its late toxic effects,
increasing the risks of e.g. cardiovascular disease, has been thoroughly studied amongst
long-term survivors of Hodgkin’s disease, breast cancer, and testicular cancer® 7,

Yet, preferred treatments for second cancers or determinants of this treatment have been
poorly studied. When a second cancer is diagnosed, there is often much discussion on how
to treat patients for this cancer, especially if a patient also has other comorbid conditions.
Lemmens et al. observed that patients received less aggressive treatment at a diagnosis of
colorectal cancer when presenting with a history of cancer®. In Chapter 3.1-3.2, we also
observed that patients with a second cancer often received less aggressive treatment than
those with one cancer only especially amongst elderly. Most patients are old (average age
>70 years) at diagnosed of a second cancer and it is known that doctors tend to administer
less aggressive treatments to the old, the fragile, and to those presenting comorbid condi-
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Table 2 Age at first diagnosis of patients with second primary cancers and diagnosis interval between
cancers, the Netherlands Cancer Registry 1989-2008

Age at first cancer N Proportion of patients diagnosed  Time interval (median, Interquartile range
(years) within 6 months after the first (IQR)
cancer between the first and the second (years)'

<35 1,170(1%) 14% 54(2.2-93)

35-50 8,665(10%) 12% 56(2.7:9.8)

50-64 24,996(28%) 15% 5.1(24-88)

65-74 33,948(38%) 18% 42(2.0-73)

75+ 20,165(23%) 25% 2.8(1.5-5.0)

Source: The Netherlands Cancer Registry
Note: ' only includes cancers diagnosed beyond 6-month following the first cancer.

tions (including previous malignancy)** . Maas et al suggest to introduce Comprehensive
Geriatric Assessment (CGA) before administrating (chemo) therapy in order to anticipate or
estimate better the risk for drug toxicity®®. However, there are no/few population-based data
describing the aforementioned association.

Cancer patients (and or their family) already experienced one round of treatment before a
second cancer, with potentially severe side effects, like nausea, fatigue, pain, fever, etc, from
the previous treatment affect their compliance for treatment 7° and may hinder them from
accepting the treatment for a second time. Decisions on treatment of second cancers may
also be dependent on patients’ (or their family’s) opinion’". Further studies are, therefore war-
ranted to investigate determinants of decisions on second cancer treatment, such as patient
characteristics (age, stage of disease, social economic status, CGA score, etc) and patients’
preferences.

We observed that younger patients (i.e. <60 years) more often had metachronous second
cancers and often received aggressive treatment for both cancers. (Chapter 3.1-3.2) These
young patients experienced a higher hazard ratio (of 1.7 versus 1.3 in colon cancer patients
aged <60 years versus > 80 years; of 2.4 versus 1.1in breast cancer patients aged <50 years
versus > 70 years) after a second cancer than the old to whom one round of treatment is often
administered. Although it is unclear whether this higher impact on survival is because of high
toxicity due to double dosage of therapeutic regimens or due to the more aggressive nature
of tumors which occurred in this younger group, further studies on treatment decisions and
their association with survival in this patients group are warranted.
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4.3.2.3 Surveillance for second cancer amongst elderly cancer survivors

Patients who develop a second primary cancer are a heterogeneous group: the majority
concerns people older than 65 years often having a second cancer shortly after the index
cancer. (Table 2)

Current guidelines for surveillance of cancer patients have been made based on stud-
ies with younger and fitter subjects, but cannot be easily generalized to this older patient
population. For example, in comparison to younger groups, older cancer patients are: i) less
susceptible to the mutagenic effect of radiation, ii) less likely to be affected by a genetic
cancer syndrome, iii) more likely to die of other diseases, iv) more likely to have an indolent
cancer requiring less aggressive treatment, and v) less likely to develop a subsequent cancer
because their life expectancy is shorter’>”>. Further studies to develop and evaluate guide-
lines for this elderly patient group are needed’.

The surveillance of patients with colorectal cancer and breast cancer may be combined
with the mass screening programs for these cancers which are available in the Dutch health
care system.

A challenge in the follow-up of these elderly cancer patients is to find the right surveil-
lance tool. For instance, in Chapter 2.1, we saw a higher excessive risk for second cancer
in colon and rectum amongst individual with a prior colorectal cancer years after the first
cancer. This finding hints to the importance of monitoring this population at least for 5 years
when patients reach an average age of 77 years (IQR 74-79 years). Use of invasive surveillance
modalities such as colonoscopy in this age group would increase colonoscopy-induced ad-
verse effects, like pulmonary complications and perforation. When taking into account their
limited life-expectancy, this surveillance modality is likely to do more harm than benefit to
those elderly patients”. Future research may aim to develop the most appropriate surveil-

lance modality-tailored follow-up strategies-for this potentially fragile population.

4.3.2.4 Primary prevention for second cancers via changes of lifestyle

As described in Table 2, patients younger than 65 years often develop a second cancer 5
years after the first cancer, which suggests there is potential to prevent a second cancer by
modifying lifestyle habits. Studies showed that cancer patients are willing to modify their
health behaviour after cancer diagnosis than the healthy population: for example, men
reduce tobacco and alcohol consumption, try to maintain a healthy body weight after cancer
diagnosis*%; and women with uterine cancer are empowered by healthy diet and being more
physically active 7% survivors of cancers in breast, colon-rectum, and prostate are willing to
have a more active role in their health care and to know how to look after themselves after
diagnosis’ 7°. However, no study has ever been conducted to verify if such changes in life-
style can prevent second cancers from occurring. It is possible that such primary prevention
efforts of patients already diagnosed with a cancer are ineffective, because carcinogenesis is
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a cumulative process and the damage may have already been done irreversibly at the mo-
ment of first cancer diagnosis.

CONCLUSIONS

The occurrence of second primary cancers (multiple malignancies) is largely the consequence
of a prolonged survival of cancer patients. In 2007, one in six (16%) cancer patients had more
than one cancer diagnosis and one in fifteen (7%) cancer survivors live with two or more
cancers in the Netherlands. With the increasing number of cancer survivors, the number of
patients with a second or higher-order cancer will increase in magnitude. | estimated that in
2012 we have about 75,000 people living with more than one cancer diagnosis in the Neth-
erlands. Cancer survivors often are at higher risk for developing a cancer than the general
population and second cancers negatively influence overall survival of patients. Detecting
second cancers at early stages is important to improve survival but, due to the old age of this
population, finding the right surveillance modality to balance the benefits and harm of early
detection is crucial.
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Summary

Due to aging of the population and prolonged survival an increasing number of cancer

patients develop multiple malignancies (MMs) in a large variety of combinations in differing

orders, depending on the primary cancer, its curative treatments, its long-term survival and
other direct or indirect determinants. In the Netherlands, the prevalence of MMs is expected
to reach around 100,000 cases in 2015 which represents for ~15% of total cancer survivors,

due to doubled number of cancer survivors since 2005.

Building upon earlier research of Soerjomataram (thesis) | aimed to answer the following
main research questions:

i)  What is the prevalence of multiple malignancies in the Netherlands?

- What types of cancers more or less often coexisted within one patient?

- What are the characteristics of tumors and patients with multiple malignancies?

ii) Are there any striking risk patterns with increased or decreased relative and absolute
risks amongst cancer patients compared to the general population (i.e. people without a
history of cancer)? Can these risk patterns inform us on potential underlying risk factors
for the co-occurrence of certain types of cancer within one patient?

iii) Are there any amenable prognostic consequences of the diagnosis of certain second cancers?

The work in this thesis is based on a comprehensive research project funded by the Dutch

Cancer Society named ‘The increasing burden of second primary cancers in the Netherlands:

trend in incidence, survival and causes-of-death since 1970 (EMCR 2008-4132) in which a

variety of combinations of cancers in a patient has been studied and also a methodology

was developed for these type of analyses of risk and prognosis. Most of these analyses were
performed in collaboration with epidemiologists from the initially 8, now 2 comprehensive
cancer centers (CCC’s) and junior and senior specialized clinicians.

In the framework of the thesis, | selected the most common second cancers for detailed
analyses on risk and survival. They are: colorectal cancer, breast cancer, prostate cancer,
melanoma of the skin, and well as chronic lymphocytic leukemia (CLL).

Part 1: Prevalence of MMs

To determine the magnitude of problem of MMs and capture the available characteristics
of patients with MMs in the cancer registry, we estimated the point prevalence on Jan 1¢
2007 (Chapter 1.2). On that date, there were more than 30,000 patients with MMs alive in
the Netherlands, representing 7% of all cancer patients. This population is relatively old with
a median age of 74 years (IQR 71-76 years) being on average 3 years older than at the onset
of the first cancer. Old age often complicates treatment decisions at diagnosis, and impairs
survival, in particular when patients have comorbid conditions besides the cancers. We found
that the most common prevalent subsequent cancers were those located in paired organs
(breast) or in organs with a large and extended surface (skin, colon and rectum). The common
cancer pairs of first and second cancers were as follows:

i) Female breast and genital cancers (any order),
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ii) Urinary tract and prostate cancer (any order),
iii) Hodgkin’s lymphoma and female breast cancer,
iv) Non-Hodgkin’s lymphoma and cutaneous squamous cell carcinomas.

Finding the most common subsequent cancers amongst cancer survivors triggers hypoth-
eses for further research to find explanations for the observed high prevalence of cancers and
may be important information when deciding on methods of surveillance. .

Part 2: Risk of cancers amongst cancer patients

Cancer risk amongst cancer patients could be either higher or lower compared to people
without a history of cancer (i.e. general population) due to

i) Shared lifestyle risk factors for the first and second cancer,

ii) Side effects from the treatment of the first cancer,

iii) Immune-suppression,

iv) Genetic predisposition,

v) Combination of the aforementioned factors.

(1) Increased cancer risks

Often increased risk for cancer is observed amongst cancer patients compared to the general
population. Survivors of colorectal cancer experienced a three-fold increased risk for a second
cancer in colon and rectum compared with the people without a history of cancer (Chapter 2.1);
survivors of melanoma of the skin had a five- to ten-fold of higher risk for a second cutaneous
melanoma (Chapter 2.2). Shared life style risk factors are likely responsible for a higher risk of
second cancers which occur at the same anatomical (sub)site as the first one, but also at other
anatomical sites or and with similar subtypes (e.g. squamous cell or adenocarcinoma) may be
subject to certain lifestyle features (like smoking or heavy alcohol). Shared reproductive factors
(e.g. low parity), hormone replacement treatment) or obesity may act as risk factors for cancers
in the breast and endometrium (Chapter 2.3). Side effects of initial cancer treatment might also
be associated with an increased risk for subsequent cancers. Indeed, we observed in Chapter
2.3 that patients with contralateral breast cancer (CBC) experienced a higher risk of lung cancer
about 5 years after radiotherapy had been administrated for the first breast cancer. As low levels
of ionizing radiation usually need a 5-year lag period between radiation exposure and cancer
development, we assume that the aforementioned increased risk is associated with radiotherapy
from the first cancer. Cancer syndromes caused by inherited genetic mutations (e.g HNPCC, BRCAI/
1) may underlie the very high risk for cancer amongst the young patients compared to the general
population. For instance, patients with colorectal cancer younger than 50 years at diagnosis had a
more than five-fold increased risk of developing a second cancer in colon and rectum compared
to general population, whereas for older patients the relative risk (SIR) was three-fold increased
(Chapter 2.1). We suspect that a substantial proportion of the young patients were affected by a
variant of the hereditary nonpolyposis colorectal cancer syndrome (HNPCC) as this is character-
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ized by frequent occurrence of metachronous colorectal cancers. Women diagnosed with CBC
before the age of 50 years experienced a ten-fold higher risk of ovarian cancer compared to the
general population, probably because many of them were affected by BRCA I/l (Chapter 2.3).
The increased cancer risk may remain elevated beyond 5 years of follow-up (Chapter 2.1-
2.2). In Chapter 2.1 we saw that amongst patients with an initial colorectal cancer the risk of
getting diagnosed with subsequent cancers in the proximal-colon remained elevated after
5-years of follow-up. Likewise, in Chapter 2.2 we have shown a persistently elevated risk
for a second melanoma of the skin amongst melanoma (skin) survivors even up to 20 years.
These long-existing increased absolute and relative risks may suggest the need to continue
to follow patients beyond 5 years. However, benefits, adverse effects and costs should be

carefully balanced when considering follow-up schedules and modalities.

(2) Decreased cancer risks

Sometimes a decreased risk of subsequent cancers exists amongst cancer patients. For
instance, decreased risks for cancers of the lung, colon, rectum, ovary, and head and neck
were observed amongst women with CBC receiving chemotherapy for breast cancer, hint-
ing towards a potential preventative effect of chemotherapy (Chapter 2.3). Likewise, males
receiving radiation in the pelvic region for their first cancers (e.g. in the rectum, prostate or
testis) showed a lower risk for a prostate cancer subsequent to the index cancer (Chapter
2.4), hinting that irradiation suppresses early and indolent prostate tumors. Also, patients
from whom tissues were removed at treatment of the first cancer are at decreased risks of
developing a second cancer. For instance, amongst patients with first cancer in rectum, the
risk for a second cancer in rectum is lower compared to the general population (Chapter 2.1).

(3) Time trends of second cancers since 1989

The risk of second cancer in a population can decrease or increase over time because of
i) Changes in risk factors,

ii) Early detection programs,

iii) Awareness of cancers,

iv) Changes in the cancer profile (i.e. incidence and survival) itself.

To assess the influence of detection, we conducted a study on trends of second melanoma
amongst all cancer patients in the Netherlands between 1989 and 2008, presenting changes
of risk for second cancers according to clinical examination schedule (i.e. 0-1 year and 2-5
years). We expected an increasing detection rate for melanoma over time amongst cancer
patients, with more subsequent melanomas diagnosed early in follow-up time in both sexes
because of the increasing awareness of the disease over the past 20 years due to various
preventive campaigns and attention from media. Interestingly, we found that amongst male
cancer survivors, over time, less subsequent melanomas were detected in the first year after
the index cancer, coinciding with a rising incidence trend later in follow-up (2-5 years after
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index cancer), whereas amongst female cancer survivors a clear trend towards earlier detec-
tion of melanoma over time was observed. This worsening risk trend of second melanoma
might also reflect suboptimal self-examination skills amongst male cancer survivors. Indeed,
females usually are more aware of abnormal/changing skin lesions, and more likely to seek
physician examinations which then lead to early detection of melanomas. It is also in line
with the well-known worse survival and higher mortality amongst (elderly) men by Joosse
etal.

Part 3: Prognostic consequences after diagnosis of second cancers

In the current project, we used Cox proportional hazard model (CPH) to estimate the hazard
ratio between patients with one and with two cancers thereby incorporating second cancer as
a time-dependent covariate. We conducted studies on patients with colon and breast cancer
(Chapter 3.1-3.2). For both patient groups we observed that the diagnosis of a second cancer
was associated with an increased overall hazard rate compared to patients with one cancer
only, particularly amongst younger patients with 1.7 (HR=1.7 95%CI 1.3-2.1) times higher
amongst colon cancer patients younger than 60 years and with 2.5 (HR=2.5, 95%Cl: 2.3-2.6)
times higher amongst women with contralateral breast cancer younger than 50 years. Not only
does this aggressive nature of cancer accelerate the death of patients, but as younger/fitter
patients more frequently receive intensive treatment than older patients, the chance that they
suffer from treatment toxicity is higher, with negative effects on their survival.

The time-interval between the first and second cancer also seems to be associated with the
relative risk of dying. Patients with contralateral breast cancer diagnosed between 2 and 5 years
after the first cancer had a slightly increased hazard of dying (HR=1.1 95%Cl 1.0-1.2) which
seemed to indicate progress of the disease (e.g. metastasis), hence exhibiting worse survival.

We observed that second colon cancer decreased survival the most amongst patients with
earlier stage disease compared to those with advanced disease (Chapter 3.1) which might
be related to suboptimal follow-up amongst patients with localized disease. Because of the
suboptimal follow-up, second cancers are often detected in more advanced stage which is
associated with a poor survival.

The study implications as well as future studies were discussed in Chapter 4. Our studies
have several implications in clinical practice:

i) to be aware of increased risk for second cancers located non-adjacent to the first cancer
during work-up of the first cancer

ii) to realize long-term increased excess risk for certain second cancers amongst cancer
survivors

iii) to realize different risk and prognostic pattern between subgroups of patients

iv) toidentify important prognostic factors amongst patients with two cancers.

Overseeing our work and also emerging results from other studies in this project remain-
ing outside this thesis we propose further studies on
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i) explorations of more cancer pairs and clusters, especially those with share shared lifestyle
factors, like smoking and heavy alcohol consumptions,

i) developing a surveillance strategy for second cancer, especially when patients are old (i.e.
>70years),

iii) determinants and outcome of treatment dilemmas for patients with second cancers,
consequences of these treatment decisions, especially when patients are young or have
comorbid conditions,

iv) possibilities for primary prevention of second cancers through lifestyle changes.

In conclusion, in the Netherlands with the increasing number of cancer survivors, the
number of patients with a second or higher-order cancer will increase 3-fold from 30,000
reaching 100,000 in 2015, representing ~15% of total number of cancer survivors. Cancer sur-
vivors often have an increased risk of developing another malignancy (i.e. on average 2 times
higher) compared to the general population. The persistently elevated cancer risk amongst
long-term cancer survivors might suggest a continuation of follow-up in order to achieve
early detection and or treatment for cancer. However, to avoid overdiagnosis and potential
harms of extended follow-up might bring, one should weigh the benefit and harm with care.
The risk association between first and subsequent cancers intrigues further studies to under-
stand aetiology and possibilities for (primary) prevention of second cancers. We observed
that the appearance of second cancers negatively influences overall survival of patients with
breast and colon cancer, which might be related to adverse effects from double aggressive
oncological treatments, and/or suboptimal follow-up for patients with localized disease.

Future studies on cause-of-death of these patients are warranted to find the appropriate
explanation for the observed survival differences in subgroups of patients.
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Door de combinatie van de toename van het aandeel ouderen in de bevolking en het
langer overleven van vele kankerpatiénten krijgen steeds mensente kampen met meerdere
maligniteiten (MMs) (tweede primaire kanker). Ze komen voor in een grote verscheidenheid
van combinaties afhankelijk van de incidentie van primaire kanker, de overleving op lange
termijn en allerlei directe of indirecte determinanten daarvan. Verwacht wordt dat de preval-
entie van MMs in Nederland in 2015 rond de 100,000 gevallen bereikt vanwege het dubbele

aantal overlevenden van kanker sinds 2005.

In dit proefschrift heb ik de volgende hoofdvragen beantwoord:

i) Watis de prevalentie van multipele maligniteiten (MMs) in Nederland?

- Welke type kankers komen in één patiént voor?

- Wat zijn de kenmerken van tumoren en patiénten met MMs?

ii) Zijn er opvallende risicopatronen met verhoogde of verlaagde relatieve en absolute
risico’s onder kankerpatiénten vergeleken met de algemene populatie (mensen zonder
een ziektegeschiedenis van kanker)? Kunnen deze risicopatronen ons meer leren over
potentiéle onderliggende risico factoren voor het samen vé6rkomen van bepaalde typen
kanker bij één patiént?

iii) Zijn er beinvloedbare prognostische consequenties van de diagnose van een tweede
kanker?

Het werk in dit proefschrift is gebaseerd op een uitgebreid onderzoeksproject gefinan-
ciéerd door het Nederlandse KWF Kankerbestrijding Fonds onder de naam ‘The increasing
burden of second primary cancers in the Netherlands: trend in incidence, survival and
causes-of-death since 1970’ (EMCR 2008-4132) waarin verscheidene combinaties van kankers
werd bestudeerd en waarin een methodologie werd ontwikkeld voor dit type analyses en
weergave van risico en prognose. De meeste van deze analyses werden ontwikkeld met epi-
demiologen van 4 van de aanvankelijk 8, nu 2 integrale kankercentra en met arts-assistenten
en ervarengespecialiseerde artsen.

Vanwege dit proefschrift heb ik de meest voorkomende tweede kankers geselecteerd voor
gedetailleerde analyse van risico en overleving, namelijk: dikkedarmkanker, borstkanker,

prostaatkanker, huidkanker en chronische lymfatische leukemie (CLL).

Deel 1: Prevalentie van MMs

Om de grootte van het probleem van MMs en de kenmerken van patiénten met MMs te
bepalen, hebben we de puntprevalentie op 1 januari 2007 bepaald(hoofdstuk 1.2). Op dit
datum waren er in Nederland meer dan 30,000 patiénten met MMs in leven, ongeveer 7%
van alle kankerpatiénten. Deze groep patiénten is relatief oud, met een mediane leeftijd van
74 jaar (IQR 71-76 jaar), gemiddeld 3 jaar ouder dan bij de diagnose van de eerste kanker.
Deze oudere leeftijd maakt beslissingen voor behandelingen na diagnose doorgaans meer
complex, verkleint de overlevingskansen, vooral in geval van bijkomende ziekten naast de

kankers. We hebben aangetoond dat de meest prevalente opvolgende 29 kankers geloka-
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liseerd waren in gepaarde organen (borst) of in organen met een groot oppervlak (huid en
darm). De meest voorkomende kankerparen van eerste en tweede kankers waren als volgt:
i) vrouwelijke borst- en genitale kanker (willekeurige volgorde),

ii) plasbuis- en prostaatkanker (willekeurige volgorde),

iii) Hodgkin-lymfoom kanker en opvolgende vrouwelijke borstkanker

iv) Non-Hodgkin-lymfoom kanker en opvolgende plaveiselcelcarcinomen.

Het vinden van de meest voorkomende opvolgende kankers onder overlevenden van kanker
roept hypothesen op voor vervolgonderzoek naar verklaringen voor de geobserveerde hoge
prevalentie van 2 kankers. Ook kan kennis over deze veel voorkomende kankerparen belan-
grijk zijn bij beslissingen omtrent de inrichting van de organisatie van gezondheidszorg.

Deel 2: Risico van kanker onder kanker patiénten

Kanker risico kan hoger of lager zijn onder kankerpatiénten vergeleken met patiénten zonder
geschiedenis van kanker (de algemene populatie) door

i) gedeelde levensstijl risicofactoren voor de eerste en tweede kanker,

ii) neveneffecten van de behandeling van de eerste kanker,

iii) immuunsuppressie,

iv) genetische vatbaarheid, en

v) combinatie van de voorgenoemde factoren.

(1) Verhoogde kankerrisico’s

In hetalgemeen wordt een verhoogd risico voor kanker waargenomen onder kankerpatiénten
in vergelijking met de algemene populatie. In onze studies hadden overlevenden van darm-
kanker een drievoudig verhoogd risico op een tweede kanker in darm en rectum vergeleken
met mensen zonder geschiedenis met kanker (hoofdstuk 2.1); overlevenden van huidkanker
hadden een vijf- tot tienvoudig hoger risico op een tweede huid melanoom (hoofdstuk 2.2).
Gedeelde levensstijl risicofactoren zijn waarschijnlijk verantwoordelijk voor een hoger risico
op tweede kankers welke vodrkomen op dezelfde anatomische plaats als de eerste. Kank-
ers die véorkomen op andere anatomische plaatsen of van verschillende subtypes kunnen
eveneens aan veel voorkomende levensstijlen worden gerelateerd. Gedeelde reproductieve
factoren (bijv. lage pariteit), hormoontherapie) of obesitas kunnen risico factoren zijn voor
kankers in de borst en endometrium (hoofdstuk 2.3). Een verhoogd risico op opvolgende
kankers kan een bijwerking zijn van de eerste kankerbehandeling. In hoofdstuk 2.3 zagen we
dat patiénten met contralaterale borstkanker (CBC) een hogere kanshebben op longkanker
na bestraling voor de eerste borstkanker. Omdat er bij lage niveaus van ioniserende straling
een periode van 5 jaar is tussen blootstelling aan straling en kanker detectie, vermoeden we
dat radiotherapie van de eerste kanker dit verhoogde risico veroorzaakt.

Kanker syndromen veroorzaakt door erfelijke genetische mutaties (bijv. HNPCC, BRCA |/
Il) kunnen het zeer hoge risico voor kanker bij sommige jonge patiénten verklaren. Bijvoor-
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beeld, dikkedarmkankerpatiénten jonger dan 50 jaar bij diagnose hadden een meer dan
vijfvoudig verhoogd risico voor een tweede kanker in de dikkedarm en endeldarm, terwijl
het relatieve risico (SIR) drievoudig verhoogd was voor oudere patiénten (hoofdstuk 2.1).
We vermoeden dat een aanzienlijk deel van de jonge patiénten leed aan het syndroom van
erfelijke non-polyposis dikkedarmkanker, doordat dit wordt gekenmerkt met het frequent
véoérkomen van metachrone dikkedarmkanker, dwz na 6 tot 12 maanden.

Vrouwen gediagnosticeerd met CBC vé6r de leeftijd van 50 jaar ervaren een tienvoudig
hoger risico voor eierstokkanker, waarschijnlijk omdat velen van hen BRCA I/ Il hadden.
(hoofdstuk 2.3). Het verhoogde kankerrisico blijft overigens bestaan na meer dan 5 jaar
follow-up (hoofdstuk 2.1-2.2). In hoofdstuk 2.1 zagen we dat bij patiénten met een eerste
dikkedarmkanker het risico om gediagnosticeerd te worden met daaropvolgende kankers in
de proximale dikkedarm verhoogd bleef na 5 jaar follow-up.

Ook in hoofdstuk 2.2 hebben we onder (huid) melanoom overlevenden een aanhoudend
verhoogd risico voor een tweede melanoom van de huid aangetoond, zelfs tot 20 jaar.

Uit het hoge relatieve, maar vooral het absolute risico van latere dikkedarmkanker en
huidmelanomen ,blijkt de noodzaak om patiénten te blijven volgen na 5 jaar.

Voor- en nadelige effecten en kosten moeten worden afgewogen bij het overwegen van

follow-up schema’s en modaliteiten.

(2) Verminderde risico’s op 2de kanker

Soms kan een verlaagd risico op kanker bij kankerpatiénten worden waargenomen. Zo had-
den vrouwen die chemotherapie voor de eerste borstkanker ondergingen een verlaagd risico
voor kanker in de long, dikke darm en endeldarm eierstok, en in het hoofd-halsgebied. Dit
wijst op een mogelijke preventief effect van chemotherapie (hoofdstuk 2.3).

Ook mannen die bestraald zijn voor een eerste kanker in het bekken (b.v. in de endeldarm,
prostaat en zaadbal) toonden na de index kanker een lager risico voor prostaatkanker
(hoofdstuk 2.4); mogelijk onderdrukt bestraling vroege en indolente prostaat tumoren.

Een verlaagd risico op kanker onstaat ook als bij de behandeling van de eerste kanker
weefsels zijn verwijderd. Bij patiénten met een eerste kanker in de endeldarmis het risico
voor een tweede kanker in de endeldarmbijvoorbeeld lager dan in de algemene bevolking,
waarschijnlijk doordat een deel van de endeldarm verwijderd werd als onderdeel van de
behandeling van de eerste kanker (hoofdstuk 2.1).

(3) Trend-ontwikkelingen van de tweede kanker in de laatste 20 jaar

Het risico op tweede kanker kan na verloop van tijd in een populatie lager of hoger worden
vanwegeveranderingen in de risicofactoren, vroege opsporing programma’s en/of een ander
niveau van bewustzijn van kanker, leidend tot meer of minder detectie, enwijzigingen in de

incidentie en overleving van kanker.
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Om de invloed van detectie te beoordelen door het presenteren van veranderingen van
risico’s voor tweede kanker naar de periode van klinisch naonderzoek(d.w.z. 0-1 jaar en 2-5
jaar) bekeken we de trends van tweede huid melanoom onder alle kankerpatiénten in Ned-
erland tussen 1989 en 2008.

We hadden een toenemende detectie van melanoom verwacht na verloop van tijd onder
kankerpatiénten, met meer dunne melanomen gediagnosticeerd vroeg in de follow-up tijd bij
beide geslachten vanwege de verhoogde bewustwording van de ziekte in de afgelopen 20 jaar als
gevolg van preventieve campagnes en media-aandacht. Verassend bleken bij mannelijke kanker
overlevenden na verloop van tijd minder latere melanomen te worden ontdekt in het eerste jaar na
de index kanker, wat samenviel met een stijgende trend van de incidentie laterin de follow-up (2-5
jaar na index kanker). Bij de vrouwelijke kanker overlevenden bleek daarentegen wel een duidelijke
tendens naar eerdere detectie van melanoom na verloop van tijd. Deze slechtere risicotrend van
tweede melanoom bij mannen zou dan te verklaren zijn door de minder goede zelfonderzoek
vaardigheden bij de mannelijke kanker overlevenden, ten opzichte van vrouwen. . Het is ook in

overeenstemming met de slechtere overleving en hogere sterfte onder (oudere) mannen.

Deel 3: Prognostische gevolgen na diagnose van tweede kanker

In het huidige project hebben we het “Cox proportional hazard model” (CPH) gekozen voor
het schatten van de hazard ratio tussen patiénten met één en met twee vormen van kanker
door de tweede kanker op te nemen als een tijd-afhankelijke covariabele. We hebben stud-
ies uitgevoerd voor patiénten met dikkedarm- en borstkanker (hoofdstuk 3.1-3.2). Voor
beide groepen patiénten bleek de diagnose van een tweede kanker samen te vallen met een
verhoogd totaal sterftecijfer. Met name bij jongere patiénten was dit hoger70% hoger(HR =
1.7 95% Cl 1.3-2.1) bij patiénten met dikkedarmkanker jonger dan 60 jaar en 2.4 maal (HR:
2,4, 95% Cl: 2.3-2.6) hoger bij vrouwen jonger dan 50 jaar met contralaterale borstkanker
vergeleken met oudere patiéntengroepen. Niet alleen deze agressieve uiting van kanker
verhoogt de overlijdenskans van deze patiénten, ook de vaak intensievere behandeling van
jongere/fittere patiénten ten opzichte van oudere patiénten, kan deze kans verhogen.

Het tijdsinterval tussen de eerste en de tweede kanker kan ook een aanwijzing geven voor
het overlijdensrisico. Patiénten met contralaterale borstkanker gediagnosticeerd tussen 2 en
5 jaar na de eerste kanker hadden een licht verhoogde hazard ratio (HR = 1.1 95% Cl 1.0-1.2),
hetgeen ook kan duiden op progressie van de eerste tumor (bijvoorbeeld metastase).

Op basis van onze bevindingen, zou men in de klinische praktijk:

i) zich meer bewust moeten zijn van een verhoogd risico op een tweede kanker die niet
aangrenst bij de eerste kanker tijdens het behandelen van de eerste kanker,

ii) zich moeten realiseren dat er bij overlevenden van kanker op lange termijn een verhoogd
risico is voor bepaalde tweede kankers,

iii) zich moeten realiseren dat er verschillende risico- en prognostische patronen zijn tussen

subgroepen van patiénten en
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iv) belangrijke prognostische factoren onder patiénten met twee vormen van kanker
moeten identificeren.

Wij stellen voor om verder onderzoek te doen op

i) focussen op meer kankerparen en clusters,

ii) behandel dilemma'’s voor patiénten met tweede kanker en de gevolgen van deze besliss-
ingen over behandeling (bijvoorbeeld: moeten patiénten wel of niet behandeld worden,
hoe intensief kan die behandeling zijn, wat willen de patiénten zelf) ontwikkelen van een
observatie strategie voor tweede kanker,

iii) mogelijkheden voor primaire preventie van metachrone tweede tumoren door verand-
eringen in levensstijl.

In conclusie, met het toenemende aantal overlevenden van kanker in Nederland zal het aantal
patiénten met een tweede of hogere-orde kanker 3-voudig toenemen van 30.000 naar 100.000
in 2015; ongeveer 15% van het totaal aantal overlevende kankerpatiénten in Nederland zal dan
meer dan één kanker hebben.. In vergelijking met de algemene bevolking hebben overleven-
den van kanker vaak een verhoogde kansop een ander maligniteit (gemiddeld 2 keer hoger).
Hetaanhoudend verhoogde kankerrisico bij lange-termijn overlevenden van kanker zou kunnen
aangeven dat een voortzetting van follow-up zou kunnen leiden tot vroegtijdige opsporing en/
of behandeling van kanker. Echter, om over-diagnose en de potentiéle nadelen die uitgebreide
follow-up met zich mee kan brengen te voorkomen moeten de voor- en nadelen worden gewo-
gen. De associatie van risico tussen de eerste en volgende kankers vraagt om nader onderzoek
om de etiologie en mogelijkheden voor (primaire) preventie van tweede kankers te begrijpen.
Het véérkomen van tweede kankers bleek de totale overleving van patiénten met borst- en dik-
kedarm kanker negatief te beinvioeden, wat soms gerelateerd zou kunnen zijn aan de schadelijke
effecten van meervoudige agressieve oncologische behandelingen maar ook aan bv bij dikke
darmkanker suboptimaal follow-up voor patiénten met gelokaliseerde ziekte. Toekomstige stud-
ies over de doodsoorzaakvan deze patiénten zijn belangrijk om de juiste verklaring te vinden

voor de waargenomen overleving verschillen in subgroepen van patiénten.
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