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Abstract 

Background Lung cancer (LC) survivors are at increased risk for developing a second primary cancer (SPC) compared 
to the general population. While this risk is particularly high for smoking-related SPCs, the published standardized 
incidence ratio (SIR) for lung cancer after lung cancer is unexpectedly low in countries that follow international mul-
tiple primary (IARC/IACR MP) rules when compared to the USA, where distinct rules are employed. IARC/IACR rules 
rely on histology-dependent documentation of SPC with the same location as the first cancer and only classify an SPC 
when tumors present different histology. Thus, SIR might be underestimated in cancer registries using these rules. 
This study aims to assess whether using histology-specific reference rates for calculating SIR improves risk estimates 
for second primary lung cancer (SPLC) in LC survivors.

Methods We (i) use the distribution of histologic subtypes of LC in population-based cancer registry data of 11 
regional cancer registries from Germany to present evidence that the conventional SIR metric underestimates 
the actual risk for SPLC in LC survivors in registries that use IARC/IACR MP rules, (ii) present updated risk estimates 
for SPLC in Germany using a novel method to calculate histological subtype-specific SIRs, and (iii) validate this new 
method using US SEER (Surveillance, Epidemiology, and End Results Program) data, where different MP rules are 
applied.

Results The adjusted relative risk for lung cancer survivors in Germany to develop an SPLC was 2.98 (95% CI 
2.53–3.49) for females and 1.15 (95% CI 1.03–1.27) for males using the novel histology-specific SIR. When using IARC/
IACR MP rules, the conventional SIR underestimates the actual risk for SPLC in LC survivors by approximately 30% 
for both sexes.

Conclusions Our proposed histology-specific method makes the SIR metric more robust against MP rules and, thus, 
more suitable for cross-country comparisons.

Keywords Second primary cancer, Lung cancer, Cancer epidemiology, Cancer registry data, Standardized incidence 
ratio

Background
The International Agency for Research on Cancer (IARC) 
collects, harmonizes, and publishes data on cancer inci-
dence worldwide. According to recent estimates, 2.2 
million lung cancer (LC) cases were newly diagnosed 
worldwide in 2020, comprising 11.4% of all cancer diag-
noses, with an increasing incidence trend among women 
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[1, 2]. Lung cancer survivors are at an overall increased 
risk for developing a second primary cancer (SPC) com-
pared to the general population. Subsequent tumors of 
the oral cavity, pharynx, digestive, and respiratory organs 
are of particular importance because a large proportion 
of survivors are long-time smokers who continue smok-
ing [3–6]. However, for some countries, such as Germany 
or the UK, published standardized incidence ratios (SIR) 
for second primary lung cancer (SPLC) after lung cancer 
are unexpectedly low and even suggest a risk reduction 
for diseased males compared to the general population 
(e.g., 0.83 and 2.06 for males and females in Germany [7]; 
1.47 in the UK (not stratified by sex) [8]). Data from the 
USA, in contrast, indicate that lung cancer survivors are 
three to five times more likely to have another lung tumor 
than the general population, which has lower smoking 
rates (SIR = 3.38 for males and 4.85 for females) [9].

An essential difference between the US data with a high 
risk for SPLC and German data with a much lower risk 
is that national registries apply different rules defining 
SPLCs. The German registries, and most other interna-
tional registries, follow the rules for multiple primary 
cancers (MP rules) defined by the International Agency 
for Research on Cancer and the International Association 
for Cancer Registration (IARC/IACR) [10]. They define 
that only 1 primary cancer per organ can be diagnosed in 
a patient’s lifetime unless multiple tumors are “histologi-
cally different.” IARC/IACR MP rules define 8 different 
histological groups for LC [11]. In contrast, North Amer-
ican cancer registries follow the rules of the Surveillance, 
Epidemiology, and End Results Program (SEER) [12], 
considering timing, laterality, and more detailed histology 
with 34 different groups. Consequently, a second lung 
adenocarcinoma in a person fully recovered from a previ-
ous lung adenocarcinoma diagnosis would not be classi-
fied as an SPLC according to IARC/IACR rules, even if 
the 2 events are 10 years apart. In contrast, SEER would 
classify the diagnosis as an SPLC because any tumor is 
considered a new primary LC after three disease-free 
years. Additionally, even if the disease-free period since 
the initial diagnosis is shorter, an SPLC would be regis-
tered in the US registries if the second adenocarcinoma 
had an ICD-O-3 histology code that was different at the 
third number (e.g., bronchiolo-alveolar adenocarcinoma 
8250 and papillary adenocarcinoma 8260). Additional 
file  1: Table  S1 shows a detailed comparison of IARC/
IACR and SEER MP rules.

Estimating risk for same-site SPC has been an unsolved 
methodological issue for many years, and experts have 
warned that using SIR can be misleading [13]. Cross-
country comparison is difficult due to varying registra-
tion practices [14]. Consequently, recent high-quality 
publications have not presented respective estimates 

[4, 15] or highlighted that low-risk estimates contradict 
increased exposure and may be an artifact of calculating 
SIR as a relative risk estimate [7]. For cancer registries 
using IARC/IACR MP rules, SIRs might be underesti-
mated due to the histology-dependent documentation of 
SPC with the same location as the first cancer. We want 
to narrow this methodological gap in cancer epidemiol-
ogy by proposing an adapted risk estimate for same-site 
SPC that considers the histologic subtype of the first 
cancer.

Objective
This study aims to assess whether using histology-spe-
cific reference rates for estimating the expected number 
of cases improves the estimation of SIR for SPLC in LC 
survivors. Therefore, this analysis (i) demonstrates how 
the conventional SIR metric underestimates the risk for 
SPLC in LC survivors documented in cancer registries 
that use IARC/IACR MP rules and (ii) proposes a novel 
method to calculate histology-specific SIRs to reduce 
bias and presents updated risk estimates for SPLC in 
Germany. Finally, we (iii) validate our results by compar-
ing how this new method performs when estimating risk 
for SPLC in the USA, where multiple primaries are regis-
tered following SEER rules.

Methods
Data
This study uses pooled data from 11 regional German 
population-based cancer registries (PBCRs) that follow 
IARC/IACR MP rules, covering ~ 50% (40 million) of the 
German population [16]. The analysis dataset included 
all LC survivors diagnosed between 2002 and 2013 who 
survived at least 6 months after the initial diagnosis. The 
data source has been previously described [7, 17]; details 
on case selection and data modifications are described in 
Additional file 1: Table S2 and Table S3.

As a validation dataset, we pooled data from 17 SEER 
regions that started registration before 2002 [18]. Details 
on the included regions and data quality can be found in 
Additional file 1: Table S4. Methodological aspects of the 
SEER database were described by Curtis et al. [19].

We set the end of follow-up in both data sources to 31 
December 2014 to ensure comparability. We counted 
SPLC (ICD-10 code C34) and excluded unusual mor-
phology codes for LC that were likely miscoded metasta-
ses (codes 8263, 8290, 8720, 8815, 8933, 9050, and 9133).

Our definition of histologically different groups is 
based on the International Classification of Diseases for 
Oncology, third edition (ICD-O-3), revision 1, published 
in 2013 [11]. The four-digit morphology codes were con-
verted into histology groups as listed in Additional file 1: 
Table  S5. To present aggregated results, we additionally 
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grouped the histologic subtypes of LC into squamous cell 
carcinoma (SCC), adenocarcinoma (AC), small-cell car-
cinoma (SCLC), large-cell carcinoma (LCC), and other 
and unspecified (O&U) as suggested by the WHO clas-
sification of thoracic tumors [20].

Statistical analysis
Estimating the size of bias for using standard SIR
We simulated various scenarios to estimate the size of 
bias introduced by using general population reference 
rates for calculating SIR (ratio of observed to expected 
cancers O/E) of same-site SPC when IARC/IACR MP 
rules are applied. This bias occurs because the count 
for O excludes same-histology SPLC, while the refer-
ence rates used to calculate E include same-histology. 
Our first simulation setting is that the baseline risk of 
LC survivors to develop an SPLC is the same as that for 
the general population ( SIRreal = 1.0 ). We determined 
the proportions of histologically different LC groups 
phistj in the analysis dataset for all index LC cases strati-
fied by sex and assumed that the SPLC would have the 
same histology group distribution as for the first can-
cer. To obtain the simulated SIRsimIARC , we multiplied 
each stratum of obtained expected numbers with a sex- 
and histology-group correction factor xhistj = 1− phistj 
for combinations of LC and SPLC that are not possible 
in our observed cases. In addition to the scenario of no 
risk difference, we also simulate the impact of this bias 
when SPLC risk for LC survivors is double that of the 
general population ( SIRreal = 2.0 ) and a risk increase 
equivalent to data published by Thakur et al. for US male 
( SIRreal = 3.38 ) and female ( SIRreal = 4.85 ) LC survivors 
[9]. Further details on the simulations can be found in 
Additional file 1: Section S6.

Calculating a histology‑specific SIR
To calculate the conventional SIR (ratio of observed to 
expected SPLC cases), referred to as  SIR1raw, we used 
age-, sex-, region-, and period-specific general reference 
rates obtained from the full sample of German PBCR 
data, including cases with a diagnosis based on a death 
certificate only (DCO).

Next, we propose a novel method to stratify SIR cal-
culations by histology group of LC (e.g., adenocarcino-
mas) and use group-specific reference rates excluding 
same-histology SPLC. The concepts of the conven-
tional  SIR1raw and the newly proposed histological 
subtype-specific  SIR2sub are explained in Fig.  1. Most 
importantly, calculating histological subtype-specific 
SIR removes the discrepancy in the conventional 
method of excluding same-histology group tumors 
from the observed count (O)—due to IARC/IACR MP 
rules—while including those same-histology tumors in 

the reference rates, i.e., expected cases. When calcu-
lating the  SIR2sub, we always stratified by the histology 
group of the first tumor. Then, we used histology-
specific reference rates IRij that excluded the same 
histology group from the incidence. In settings where 
same-histology SPCs occur in the data (i.e., PBCR not 
applying IARC/IACR MP rules), those cancers are not 
counted as observed.

Finally, for all SIR, we aggregated O and E for the total 
available follow-up from 6  months to a maximum of 
13 years and always reported sex-specific estimates. We 
calculated 95% confidence intervals (CIs) as described by 
Breslow and Day [21].

Validation analysis using SEER data
To validate our newly proposed method, we apply the 
 SIR2sub measure to cancer registry data that does not fol-
low IARC/IACR MP rules and assess whether this intro-
duces unintended bias. We present descriptive statistics 
on the validation dataset and interpret comparability with 
the analysis dataset. Then, we calculate the unadjusted 
 SIR1raw for the USA and  SIR2sub using the same method 
described above. Furthermore, we obtained individual-
level information on which cancer cases in the SEER data 
fulfill the IARC/IACR MP rules (variable INTPRIM). We 
recalculated the unadjusted SIR for SPLC counted under 
IARC/IACR rules  (SIR3IARC ) and histology-specific SIR 
 (SIR4subIARC ) using patient-level data to receive updated 
reference rates. To assess the validity of our histology-
specific SIR method, we compare the following:

a. SIR2sub and  SIR4subIARC  in the validation dataset 
with the expectation that they are very similar and 
lie between  SIR1raw and  SIR3IARC  (this would show 
that the new method delivers a robust estimate, inde-
pendent of MP rules applied)

b. SIR2sub estimates between Germany and the USA 
with the expectation that they should be closer than 
 SIR1raw estimates (this is relevant for a scenario 
where a registry’s abidance by IARC/IACR rules is 
unknown and we want to receive an estimate suitable 
for cross-country comparison)

c. SIR2sub estimates from Germany to  SIR4subIARC  esti-
mates from the USA to determine the size of residual 
cross-country differences

Sensitivity analyses
For sensitivity analyses, we restricted our dataset to six 
German PBCRs with a low DCO rate (smaller than 
10%)—an indicator for higher registration quality—and 
assessed whether this influences the overall risk estimate 
for SPLC in Germany. Furthermore, we compared the 
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results from the German analysis dataset to SEER data 
for the White population only to account for the majority 
Caucasian population in Germany.

Software used
All analyses were conducted in R version 4.3.2 [22] with 
data management using the tidyverse and tidytable 

Fig. 1 Comparison of conventional method to calculate standardized incidence ratio  (SIR1raw) and newly proposed method to stratify by histology 
group of LC and use group-specific reference rates excluding same histology  (SIR2sub). The top gray dotted box shows the general formula for SIR, 
explains the operationalization for each variable in our study setting, and presents an example assessing the risk of SPLC for a survivor with prior 
adenocarcinoma LC. Icons are visualizing this example. The middle green dotted box explains that in the conventional SIR method, the sample 
patient is assessed together (unstratified) with the overall risk of other primary LC histologies, and the risk is assessed including all SPLC histologies 
in the reference rates. In contrast, the bottom violet dotted box shows that the newly proposed method additionally stratifies risk calculation by LC 
histology, and only different histology SPLCs are counted when calculating the reference rates. Notes: Gray arrows mark the option to either not get 
an SPLC (healthy lung depicted uncolored with a check mark) or be diagnosed with an SPLC of different histology (i.e., different color). Blue, green, 
and yellow symbolize different histology groups (for simplicity, we only show three). Colored unfilled lungs depict the histology group of the first 
LC; colored filled lungs depict the histology group of SPLC



Page 5 of 12Eberl et al. BMC Medicine          (2024) 22:187  

packages [23, 24]. Figures were created with ggplot2 [25] 
and tables with gt [26]. The routines to calculate refer-
ence rates and stratified SIRs are publicly available in the 
R package msSPChelpR [27], and all scripts to create our 
analyses are published online [28].

Results
Description of the study population
Our analysis dataset comprised 135,572 German LC 
patients (31.8% females and 68.2% males) who survived 
for at least 6 months after LC diagnosis and fulfilled our 
inclusion criteria. The median age at initial diagnosis 
was 65.6 years in women and 67.2 years in men. Women 
were most frequently diagnosed with adenocarcinomas 
(44.8%) and small cell carcinomas (19.8%), while 34.5% 
of men had squamous cell carcinomas and 31.0% had 
adenocarcinomas. Patients had a mean follow-up of 
approximately 2.5 years. Over 70% of patients died after 
LC without developing another cancer, and another 24% 
were alive without an SPC event at the end of follow-
up. In total, 154 women and 388 men (0.4% of patients) 
developed an SPLC. This corresponds to the crude inci-
dence rate of 131.1 per 100,000 person-years in women 
and 168.4 in men. The other 4753 LC survivors (3.5%) 
developed a second cancer in a location other than the 
lung and bronchus (Table 1).

Evidence for bias using the conventional SIR estimates 
for same‑site SPC
The most frequent histology groups of primary LC in 
our analysis dataset were adenocarcinomas (40.8% in 
women, 28.7% in men), squamous cell carcinomas (16.0% 
in women, 34.5% in men), and other specific carcinomas 
(34.1% in women, 27.9% in men) (Additional file  1: Fig. 
S7). Unspecified carcinomas and unspecified types of 
cancer comprised 8.8% of LC and, by IARC/IACR rules, 
could not result in the registration of an SPLC, even if 
one was diagnosed. In line with IARC/IACR registra-
tion rules, none diagnosed SPLC had the same histology 
group as the index LC in the German data. In contrast, 
the US validation data showed that the SEER registries 
had between 27.3 and 54.2% same histology group SPLC 
(Additional file 1: Table S8).

The simulation shows that real SIRs are underestimated 
when IARC/IACR rules are applied for SPLC. In the 
hypothetical case of  SIRreal = 1.0, the simulated  SIRsimIARC  
is 0.71 (95% CI 0.52–0.93) for women and 0.73 (95% CI 
0.65–0.81) for men, incorrectly suggesting a risk reduc-
tion instead of no risk difference. A doubling of the risk 
in real SIR would translate to a  SIRsimIARC  of 1.41 for 
women and 1.45 for men. When simulating the US rates 
under IARC/IACR MP rules, we obtain a  SIRsimIARC  of 
2.46 instead of  SIRreal = 3.38 for men and a  SIRsimIARC  of 

3.42 instead of  SIRreal = 4.85 for women. Despite the dif-
ferences in predominant histology groups of LC between 
men and women, we observed a similar underestimation 
of real SIR by approximately 30% for both sexes (Table 2).

Risk estimates for SPLC after LC in Germany using 
histology‑specific SIR
The adjusted relative risk for LC survivors in Germany to 
develop an SPLC was 2.98 (95% CI 2.53–3.49) for females 
and 1.15 (95% CI 1.03–1.27) for males. The histological 
subtypes of index LC with the highest relative risk for 
SPLC were squamous cell carcinoma  (SIR2sub = 5.17, 
95% CI 3.94–6.67) in women and SCLC  (SIR2sub = 1.36, 
95% CI 0.99–1.81) in men. Figure 2 shows that the pro-
posed method of using histological subtype-specific SIR 
resulted in higher risk estimates. This means that under 
this adjusted risk estimate, male LC survivors have a 15% 
higher risk for SPLC than the German male population. 
A risk increase was observed for all histological subtypes 
except for large-cell carcinoma. In contrast, the unad-
justed SIR resulted in a 15% lower risk than in the male 
population  (SIR1raw = 0.85, 95% CI 0.77–0.94). For female 
LC survivors, the new method further increased risk esti-
mates, particularly for adenocarcinoma  (SIR2sub = 2.53, 
95% CI 1.91–3.28 vs.  SIR1raw = 1.69, 95% CI 1.28–2.19). 
When stratifying the analysis by time since LC diagnosis, 
the  SIR2sub increased with more prolonged survival for 
both sexes (Additional file 1: Fig. S9).

In the sensitivity analysis based on 75,272 person-
years at risk from German PBCRs with low DCO rates, 
106 SPLC occurred (19.6% of the initial analysis dataset). 
Both  SIR1raw and  SIR2sub were considerably lower than in 
the main analysis  (SIR2sub = 2.30 in females,  SIR2sub = 0.99 
in males), but the overall pattern of substantial risk esti-
mate increase using  SIR2sub remained (Additional file 1: 
Table S10).

Validation analysis using SEER data
Table  1 shows that our analysis dataset (German ZfKD 
data from 11 regions) and the validation dataset (US 
SEER data from 17 regions) are comparable concern-
ing most characteristics of included LC survivors with 
similar age structure, histology group distribution, and 
patient status. However, Germany still has a growing 
age-standardized incidence rate for women, and the rate 
for men is at a higher level than in the USA. We also see 
that crude incidence rates for SPC in locations other than 
the lung and bronchus are similar for Germany (females 
1137.9 and males 1483.0 per 100,000 person-years) and 
the USA (females 1099.4 and males 1489.6 per 100,000 
person-years). The incidence of SPLC, however, differs 
greatly—the USA is showing 6 to 8 times higher crude 
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rates than Germany (991.0 vs. 131.1 per 100,000 person-
years for women and 955.5 vs. 168.4 for men).

The unadjusted risk estimates for SPLC in US LC sur-
vivors under SEER MP rules were more than twofold 
the rates under IARC/IACR MP rules  (SIR1raw = 5.52 
and  SIR3IARC  = 2.52 in women;  SIR1raw = 3.77 and 
 SIR3IARC  = 1.71 in men). When using the histology-spe-
cific method, the risk estimates converge for overall SPLC 
risk  (SIR2sub = 4.37 and  SIR4subIARC  = 3.58 in women; 

 SIR2sub = 2.94 and  SIR4subIARC  = 2.34 in men) and for 
most subgroups presented in Table 3.

Comparing estimates between Germany and the USA, 
we observed that  SIR2sub estimates are much closer than 
 SIR1raw. In women, the gap narrows from 2.14 vs. 5.52 for 
unadjusted SIR to 2.98 vs. 4.37. In men, the wide unad-
justed gap of 0.85 vs. 3.77 narrows slightly to 1.15 vs. 
2.94. When examining the histology-specific estimate 
under IARC/IACR MP rules  (SIR4subIARC ), we still see a 

Table 1 Characteristics of the analyzed study population with primary lung cancer. Age-standardized incidence rates of primary lung 
cancer (ASIR), follow-up time, characteristics of patients included in the main analysis with at least 6 months of survival, and absolute 
incidence of second primary cancer (SPC) by sex

ASIR Age-standardized incidence rate based on the World Standard Population 1960, DCO Death-certificate only, IR Incidence rate, LC Primary lung cancer, PYAR  
Person-years at risk, SPC Second primary cancer, SPLC Second primary lung cancer
a After exclusion by age and unusual histology
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residual country difference with only slightly lower SPLC 
risk in German women (2.98 vs. 3.58) but half the risk 
for males compared to the USA (1.15 vs. 2.34). For some 
subgroups with a small number of observed cases in the 
German data, such as patients with large-cell carcinoma 

or below age 50, the risk gap between analysis and valida-
tion data may remain high, even after using the novel SIR 
estimate (Table 3).

The sensitivity analyses, comparing Germany to the 
White population in SEER, did not alter the results, 

Table 2 Estimating the risk for SPLC under IARC/IACR multiple primary rules  SIRsimIARC  given an assumed true risk  SIRreal

Fig. 2 Sex-specific relative risk for SPLC in German lung cancer survivors. Estimation of risk for SPLC after LC using general reference rates  (SIR1raw) 
shown in green and subtype-specific reference rates excluding same-histology group  (SIR2sub) shown in purple. SIR estimates are presented 
stratified by histologic subtype (using the WHO classification of thoracic tumors) as well as a total of all histologies. Within each facet, SIR for females 
is shown on the left and for males on the right with the length of the line indicating the respective 95% CI. Observed and expected counts 
below in gray belong to the conventional method  (SIR1raw) and those highlighted in purple yield the newly proposed risk estimate  (SIR2sub)
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showing that previous stratification of SIR by race ade-
quately accounts for risk differences between races 
(Additional file 1: Table S11).

Discussion
In this epidemiological study on the risk of SPLC, we 
demonstrated a bias introduced by the standard approach 
of calculating SIR for same-site SPC in cancer registries 
that use IARC/IACR MP rules. Our simulations showed 

an underestimation of true SIR by approximately 30% in 
both sexes because general population reference rates 
include tumors that cannot be observed in the at-risk 
population.

To minimize this bias, we proposed the method of 
histology-specific SIR and presented adjusted numbers 
to estimate the relative risk of SPLC in LC survivors in 
Germany. Using this method, the risk of being diagnosed 
with an SPLC was 2.98-fold for female LC survivors and 

Table 3 Validation analysis—risk for SPLC using unadjusted and histology-specific SIR method
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1.15-fold for male survivors compared to the general 
population. These numbers are substantially higher than 
previously published unadjusted SIR estimates using the 
standard approach (i.e., 2.06 and 0.83 for female and male 
LC survivors, respectively) [7].

Our validation analysis showed that the risk esti-
mates for SPLC under SEER MP rules and the risk 
under IARC/IACR MP rules converge when using the 
proposed histology-specific compared to the standard 
approach. Moreover, the SPLC risk in Germany and the 
USA became comparable under the new method. In the 
descriptive analysis, we observed a similar incidence of 
primary LC, but an eight times higher crude incidence of 
SPLC in the USA compared to Germany, due to different 
registration rules and population structure. We narrowed 
this gap to an about twofold increased risk in the most 
comparable setting of histology-specific SIR counting 
international primaries only. Thus, we showed that the 
proposed histology-specific method makes the SIR met-
ric more robust against differing or unclear MP rules and, 
therefore, more suitable for cross-country comparisons.

With the availability of long-term cancer registry data 
from SEER, relative risk estimates and survival analyses 
were predominantly published for the USA. Thakur et al. 
used 13 SEER registries for the period 1992 to 2007 and 
found a SIR estimate of 4.85 (4.66–5.05) in women and 
3.38 (3.24–3.52) in men [9]. Our  SIR1raw estimates for a 
later period with more included regions were slightly 
higher for both sexes but—as expected for the same data 
source—showed very similar risk increases for younger 
age and adenocarcinoma index LC.

Other national population-based estimates of SPLC 
risk among LC survivors are sparse but include a study 
by Barclay et  al. from the England cancer registry that 
showed an overall SIR for SPLC of 1.47 (not stratified by 
sex) for the same period, also using IARC/IACR MP rules 
and very similar case inclusion as our study [8]. They 
included almost 30% of unspecified LC diagnoses, which 
might explain their low overall unadjusted SIR estimate.

For Germany, we observed that using histology-specific 
calculation of risk for SPLC resulted in very different 
conclusions than the standard method. The previously 
published risk reduction for male LC survivors [7] turns 
into a risk increase in our updated analysis. Similarly, 
for the most frequent subtypes of LC, the risk of SPLC 
increases from a protective or null effect to a significant 
risk increase for LC survivors compared to the general 
population. In line with previous findings from Germany, 
the USA, and England, females have a higher relative risk 
for SPLC than males [7–9]. The results of bias simula-
tion apply to other PBCRs using IARC/IACR MP rules 
because they depend only on the distribution of histology 
groups, which are similar across countries [29].

The SIR is an established measure in cancer epidemi-
ology and beyond to identify at-risk populations and test 
etiologic hypotheses [19]. However, our analysis revealed 
the problem that the SIR metric can be seriously biased 
when observed and expected counts are based on differ-
ent logics. Other examples are handling the intensified 
screening period of cancer survivors shortly after diagno-
sis [19], including DCO cases in the expected count [30], 
or stratifying by race.

A critical discussion in the analysis of SPC risk is the 
question of what constitutes biologically independ-
ent cancers. Although there might be a pathological 
answer, strict (IARC) and less stringent (SEER) rules for 
registering multiple primary cancers indicate different 
approaches. While IARC/IACR MP rules were histori-
cally focused on excluding potential metastases or recur-
rences, they give less importance to shared risk factors 
such as smoking, which can lead to preventable new 
cancers with the same appearance as the previous dis-
ease. Therefore, the SEER approach of registering SPC 
independent of histological differences and instead tak-
ing time into account has its merits. From the patient’s 
perspective, it is less relevant if, after a phase of complete 
remission, a new cancer of the same subtype occurs in 
the same site or whether this is an unexpected late recur-
rence. Both necessitate acute treatment according to the 
most recent guidelines and come with substantial psy-
chological stress. From an epidemiological perspective, 
the differentiation between what constitutes a true SPC 
and late recurrence can be seen as arbitrary. Both are 
relevant to evaluating the disease risk of cancer survi-
vors and play a role in the discussion about the need for 
increased surveillance. In particular, contralateral lung 
cancers are often underreported and instead seen as the 
spread of the original cancer [31]. On the other hand, it 
has been shown that certain multifocal tumors in some 
organs are likely to originate from the same transformed 
cells [32] and thus would not have been preventable. A 
potential solution to this dilemma could be to enrich 
existing PBCR with more information on metastases and 
recurrence and report the burden of both. Furthermore, 
improving the quality of cancer registries, e.g., increasing 
the share of microscopically verified cases, would reduce 
the role of unspecified LC and thus increase the precision 
of SPC differentiation under IARC/IACR MP rules.

This analysis also highlights the need to improve the 
clarity of IARC/IACR MP rules that have not been 
updated since 2004 and do not reflect improvements 
in (more fine-grained) histological classification since 
then. A simplified version using the broad LC categories 
recently published in the WHO Reporting System for 
Lung Cytopathology could be the common basis for a 
classification update [20, 33].
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The importance of methodological choices on the 
validity of the SIR metric to determine and compare 
group-specific cancer risk has already been discussed. 
Crocetti et al. highlighted that we need to be clear about 
which cases to include in the observed count and the 
importance of applying the same logic when making 
cross-country comparisons and comparing extensively 
screened patients to the general population reference 
rates [34]. Our research extends this concern and high-
lights that including expected cases in the denominator of 
the SIR metric while these cases can never be observed—
due to MP rules forbidding their registration—will intro-
duce bias and result in an underestimation of cancer risk.

This study is the first nationwide analysis to provide 
reliable estimates of SPLC risk in German LC survivors. 
It adds to the sparse international numbers, as PBCR-
based estimates have only been published for the USA 
and England. We newly developed the method of histo-
logical subtype-specific SIR that can reduce bias caused 
by using general population reference rates in determin-
ing the relative risk of same-site SPC for cancer regis-
try data based on IARC/IACR MP rules. The method 
increases the comparability of SIR across countries when 
different MP rules are applied, information on registra-
tion practices is missing, or registration practices vary 
over time within a single PBCR. Furthermore, our study 
is the first to compare the relative risk of SPLC between 
Germany and the USA and provide estimates that allow 
SEER data to be used in international comparison.

Our proposed method has several limitations. In the 
situation in which PBCR data is incomplete, i.e., inci-
dent SPCs are not recorded in the registry, the proposed 
method still underestimates the SIR. This is especially 
relevant for IARC-compliant registries where SPCs 
are not recorded if the histology of the index tumor is 
unspecified. Moreover, the method works best for can-
cer entities that show a uniform distribution of incidence 
across histological subtypes. For example, the subtype 
is not informative in breast cancer, where adenocarci-
noma comprises more than 90% of all malignancies. We 
encourage researchers with access to cancer registry data 
from other countries to test the proposed method. With 
regard to the estimation of SPLC risk for Germany, our 
study results are limited by varying completeness and 
quality of regional PBCR data—in particular, the exist-
ence of tumors without histological confirmation, a high 
share of DCO diagnoses, and incomplete follow-up of 
patients in cases of migration or partial record linkage 
with death registry data. Finally, our validation analysis 
also showed that for registry data under SEER MP rules, 
the histology-specific SIR generally suggests a lower risk 
than the unadjusted SIR (except primary SCLC). This 
could be an underestimation of risk if the true SIR of 

same-histology SPLC is higher than for different-histol-
ogy tumors.

Conclusions
In this study, we newly developed a method of histo-
logical subtype-specific SIR that can reduce bias when 
estimating the relative risk of same-site SPC. Our study 
shows that estimations for the relative risk of SPLC after 
LC are heavily influenced by differing registration prac-
tices for multiple primaries and how data is analyzed. 
Our approach of using histology-specific reference rates 
improves SIR estimations and facilitates cross-country 
comparison, especially for PBCRs that apply IARC/
IACR MP rules. Future research can use this method to 
update epidemiological data, allowing clinicians to make 
informed decisions about patients’ SPLC risk based on 
accurate temporal and regional incidence trends. Differ-
ing registration practices remain an obstacle when com-
paring relative risk for SPC across countries and over 
time. Therefore, it should be further evaluated how MP 
rules and methods to determine SPC risk in the same 
location can be harmonized.
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