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Abstract

Background The incidence of multiple primary cancers (MPC), especially involving primary lung cancer (PLC) and
primary hematologic malignancies (PHM), is rising. This study aims to analyze clinicopathological features, gene
abnormalities, and prognostic outcomes in individuals diagnosed with PLC-PHM MPC.

Methods A retrospective analysis included 89 patients diagnosed with PLC-PHM MPC at the Respiratory or
Hematology Departments of Ruijin Hospital from 2003 to 2022 (a total of 842,047 people). Next-generation
sequencing (NGS) assessed lung cancer specimens, while Polymerase Chain Reaction (PCR) and NGS were used for
hematologic malignancy specimens. Statistical analysis involved survival analysis and Cox regression.

Results PLC-PHM MPC incidence surged from 1.67 per year (2011-2013) to 16.3 per year (2020-2022). The primary
demographic for PLC-PHM MPC consists predominantly of elderly (average age 66 years) males (59.6%), with a high
prevalence of metachronous MPC (89.9%). The prevailing histological types were lung adenocarcinoma (70.8%) in
lung cancer (LC) and mature B-cell lymphomas (50.6%) in hematologic malignancies (HM). Notably, in a molecular
testing cohort of 38 LC patients, 84.2% of lung cancer cases exhibited driver mutations, in which EGFR mutations
frequence prevalent was 74.2%. In total group of 85 cases achieved a median overall survival (mOS) of 46.2 months,
with a 5-year survival rate of 37.9% and advanced LC patients with LC gene mutations achieved a mOS was 52.6
months, with a 5-year OS rate of 30.6%. The median progression-free survival (PFS) following first-line treatment of
11 advanced patients with lung cancer-associated driver gene mutations is 26.6 months. Multivariate Cox regression
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revealed a favorable OS associated with surgery for LC, favorable PS score, adenocarcinoma pathology of LC, and the

presence of genetic abnormalities associated with HM.

Conclusion PLC-PHM MPC incidence is rising, characterized by a significant proportion of lung adenocarcinoma and
a high prevalence of positive driver genes, especially in EGFR. Despite suffering from two primary tumors, the PLC-
PHM MPC patients had superior data of both PFS and OS, suggesting an inherently intricate background of genetic

abnormalities between the two kinds of tumors.

\Keywords Primary lung cancer, Hematologic malignancy, Multiple primary cancer, Prognosis, Gene abnormality

Introduction

Lung cancer and hematologic malignancies are wide-
spread forms of cancer, significantly impacting global
disease burden and mortality [1]. In 2020, lung cancer
incidents reached 2.21 million cases, leading to 1.8 mil-
lion deaths globally. Lung cancer currently ranks as the
second most frequently diagnosed malignant tumor
globally and stands as the primary cause of death [2].
Hematologic malignancy (HM), on the other hand, con-
stituted 7.5% of new cancer diagnoses and accounted
for 7.8% of cancer-related deaths worldwide in 2020.
The prevalence and mortality rates of HM rank it as the
fifth most common cancer type [2]. The prognosis for LC
and HM has consistently improved over the past decade,
thanks to advancements in diagnostic techniques and
the introduction of innovative therapies such as targeted
therapy and immunotherapy, along with improved sup-
portive care [3, 4]. Nonetheless, the 5-year survival rates
for advanced disease are still disheartening. Moreover,
exploring whether the two tumors have a worse progno-
sis is worthwhile.

Multiple primary cancers (MPC) refer to the occur-
rence of two or more synchronous or metachronous
primary cancers in an individual [5]. Global MPC prev-
alence has risen due to aging demographics, lifestyle
changes, advanced diagnostics, and increased cancer
survivorship [6-8]. In 2017, an ESMO review, utiliz-
ing general population cancer registry data, indicated
that 2-17% of cancer patients experienced Multiple Pri-
mary Cancers (MPC) [8]. Rising MPC trends result from
increased life expectancy and cumulative cancer risk fac-
tor exposure among survivors [9].

Research indicates that individuals diagnosed with
LC or HM are at a higher risk of developing secondary
primary malignancies compared to the general popula-
tion. In a 2019 study, it was indicated that patients with
multiple myeloma had a higher likelihood of early diag-
nosis of breast, prostate, or lung cancer compared to
the control group. Moreover, for lung cancer patients,
the cancer-related mortality rate was significantly lower
compared to patients with multiple myeloma (HR: 0.59;
95% CI: 0.52-0.68) [10]. A 2006 literature suggested
that non-Hodgkin lymphoma patients were more prone
to developing secondary lung cancer (HR: 1.31; 95% CI:

1.23-1.39) [11], and a 2007 publication reported that
Hodgkin’s lymphoma patients had an increased risk of
secondary lung cancer (HR: 6.7; 95% CI: 5.6-7.8) [12].
The elevated cancer risk in patients with myeloprolif-
erative neoplasms, including an HR of 1.7 for secondary
lung cancer (95% CI: 1.4-2.2) [13]. Following radiother-
apy, surgically resected lung cancer patients experienced
an increased risk of developing second primary solid
tumors and gastrointestinal cancers, with an HR of 1.08
for secondary hematologic malignancies (95% CI, 0.84—
1.37) [14]. However, current studies predominantly focus
on broad cases and traditional treatment modalities, like
chemotherapy and radiation. However, these cases often
reflect outdated treatment approaches. Present clinical
practices, especially with emerging targeted therapies for
hematologic malignancies and lung cancer, exhibit a gap
in comprehensive epidemiological data and clinical char-
acteristics, necessitating further investigation.

The emergence of PLC-PHM MPC may be attributed
to common environmental risk factors, direct mutational
impacts of cytotoxic anticancer treatments on stem cells,
and potential genetic predispositions [15-17]. Although
occasional limited case reports and small retrospective
series have documented the simultaneous presence of
PLC and PHM in MPC [18-22], comprehensive studies
investigating the epidemiological patterns, genomic pro-
files, prognostic determinants, and clinical outcomes of
patients with PLC-PHM MPC are currently lacking on a
large scale.

Consequently, we conducted a comprehensive large-
sample regression cohort study on PLC-PHM MPC
patients at a prominent tertiary academic hospital. Our
objective was to analyze temporal trends, clinical profiles,
gene status, treatment patterns, and survival outcomes
of patients with PLC and PHM occurring simultane-
ously over the past two decades. Additionally, we aimed
to identify potential risk factors associated with this
cancer type by comparing the clinical outcomes of lung
cancer reported in the LC literature. This study pres-
ents the most recent and thorough analysis of this rare
yet increasingly recognized entity, offering insights into
the unique attributes of PLC-PHM MPC patients and
forming a logical foundation for customizing treatment
approaches to improve their care in clinical settings.
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Methods

Study design and participants

This retrospective observational study was conducted
at Shanghai Ruijin Hospital, a leading tertiary academic
medical center affiliated with Shanghai Jiao Tong Univer-
sity School of Medicine. We enrolled patients diagnosed
with multiple primary cancers, specifically involving pri-
mary lung cancer and primary hematologic malignancies
(PLC-PHM MPCQC), from October 2003 to October 2022,
encompassing a total of 842,047 individuals. The study
was approved by the Institutional Review Board of Ruijin
Hospital.

The diagnosis of lung cancer was based on histopatho-
logical evidence and staged according to the 8th edition
of the American Joint Committee on Cancer (AJCC)
Tumor, Node, Metastasis (TNM) staging system [23].
Hematologic malignancies were classified using the fifth
edition of the World Health Organization (WHO) classi-
fication [24]. MPC is defined as the occurrence of two or
more primary cancers in the same individual. Synchro-
nous MPC (sMPC) refers to cancers diagnosed within 6
months, while metachronous MPC (mMPC) indicates an
interval of 6 months or more between two primary can-
cers [25].

Inclusion criteria were: (1) diagnosis of both primary
lung cancer and primary hematologic malignancies,
either synchronously or metachronously; (2) availability
of complete medical records and follow-up data. Exclu-
sion criteria included: (1) only one primary cancer; (2)
hematologic malignancy or lung cancer as progression or
metastasis from the first primary cancer.

Data collection

Demographic data, clinical characteristics, pathological
results, treatment approaches, and survival outcomes
were extracted through a systematic review of electronic
medical records. Data collection included age, sex, smok-
ing history, cancer history, ECOG performance status,
cancer stage at diagnosis, pathological type, treatment
modalities, dates of diagnosis for each primary cancer,
clinical outcomes, and survival status.

Genomic profiling of lung cancer specimens was con-
ducted using Next Generation Sequencing (NGS), target-
ing hotspot regions in 10—68 frequently mutated genes.
For hematologic malignancy specimens, gene abnormali-
ties were characterized in 35 patients using Polymerase
Chain Reaction (PCR) and NGS.

Outcome measures

The primary outcome measure was overall survival (OS),
defined as the time from the diagnosis of PLC-PHM
MPC to death from any cause or the last follow-up. Sur-
vivors were censored at the last follow-up date.
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Statistical analysis

Continuous variables were presented as medians (range)
and compared using the Mann-Whitney U test. Cat-
egorical variables were expressed as numbers (percent-
age) and compared using the Pearson Chi-square test
or Fisher’s exact test as appropriate. OS was analyzed
using the Kaplan-Meier method and survival curves
were compared via the log-rank test. Prognostic factors
for OS were identified using univariate Cox regression
models. Hazard ratios (HR) and 95% confidence intervals
(CI) were calculated. Factors with P<0.1 in univariate
analyses were entered into the multivariate Cox model
using a forward stepwise method to determine indepen-
dent prognostic factors. Two-sided P values<0.05 were
considered statistically significant. Statistical analysis
was performed using SPSS 22.0. Pheatmap and ggplot2
(v.3.3.6, http://ggplot2.org/) were used for visualizations.

Results
Patient characteristics
In this retrospective analysis of 89 patients with PLC and
HM MPC (Fig. 1), the incidence has surged from 1.67 per
year (2011-2013) to 16.3 per year (2020-2022) (Fig. 2A).
The median age at diagnosis was 66 years (range: 38—90
years), with 23.6% under 60 and 76.4% aged 60 or older.
The male-to-female ratio was 1.47:1, with 31.5% having
a smoking history (exclusively male smokers) and 10.1%
reporting a family history of cancer. Comorbidities were
present in 38.2% of patients, primarily hypertension.
The majority had two primary cancers (89.9%), while a
smaller subset had three or more (10.1%) (Table 1).

Interval between lung cancer and hematologic malignancy
In the cohort of 89 MPC cases, 10 were synchronous, and
the remaining 79 were metachronous. For metachronous
cases, the median duration between LC and HM diag-
nosis was 42.8 months (range: 6.8-221.3 months), with
64.6% occurring within a 5-year timeframe (Fig. 2B).

Pathology of cases with triple or more primaries

In the subset of 9 patients presenting with three or more
primary cancers, the observed cancer types exhibited
notable heterogeneity, as outlined in Table 2. The major-
ity of hematologic malignancies were identified as multi-
ple myeloma (#=4) and lymphoma (#=3). In the cases of
lung cancer, adenocarcinomas predominated, except for
a singular instance of squamous cell carcinoma.

Characteristics of lung cancer

The median age at lung cancer diagnosis was 65 years,
with non-small cell lung cancer constituting 87.6% of
cases. Within these cases, lung adenocarcinoma was the
most prevalent subtype at 70.8% (Fig. 2C). At diagnosis,
43.8% of patients were stage I, 5.6% were stage II, 13.5%
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October 1, 2003 to September 30, 2012
- Searched for inpatients in hospital
database (n=789,368)
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October 1, 2012 to November 28, 2022
- Searched for inpatients in respiratory
and hematology departments (n=52,679)

Inclusion Criteria:

metachronous.

1) Diagnosis of primary lung cancer and primary
hematologic malignancy, either synchronous or

2) Availability of complete medical records and

———p»{ follow—up data. «—
v Exclusion Criteria:
2 patients 1) Diagnosis of only a single primary cancer. 87 patients
enrolled 2) Hematologic malignancy or lung cancer enrolled

representing progression or metastasis of the first
primary cancer rather than a second primary.

v

I 89 patients enrolled in analysis I

‘_I

—

38 patients with lung cancer
molecular testing

35 patients with hematologic
genetic material testing

Fig. 1 Flow chart of the study design
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Fig. 2 Epidemiological, clinical, and molecular characteristics of lung cancers in patients with multiple primary cancers involving lung cancer and hema-
tologic malignancies. (A) Annual incidence rates of multiple primary cancers involving lung cancer and concurrent hematologic malignancies over the
study period. (B) Time intervals between diagnosis of lung cancer and hematologic malignancy. (C) Distribution of lung cancer histological subtypes. (D)
Frequencies of EGFR mutation subtypes identified among EGFR-mutant lung cancers
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Table 1 General clinical characteristics of MPC patients Molecular profile of lung cancer

Clinical Feature Number Per- In a cohort of 38 LC patients, molecular testing revealed
(n=89) centage driver gene mutations in 84.2% of cases. The most preva-

Gender Male >3 59'56? lent driver mutations and their frequencies were as fol-

rce st Dscnost zegg‘;‘;rs " oo lows: EGFRat 74.2%, TP53 at 50%, ALK at 13.8%, RET at
260 years o 26.40% 13%, HER2 at 13%, MET gt 8.3%, and BRAF at 8% (Sup-

Smoking History  Yes g 31 46% plementary Table 1 and Fig. 3). Among the EGFR muta-
Never o 68.54% tions, the most frequent was the EGFR-L858R mutation

Family History Ves 9 1011% at 55.26% (11/21), followed by the EGFR-19del mutation
No 80 80.89% at 32% (6/21) (Fig. 2D).

History of Yes 34 38.20%

Comorbidities No 55 61.80% Characteristics of hematologic malignancies

Number of Pri-  Dual Primary Cancers 80 89.89% The median age of diagnosis for hematologic malignan-

mary Cancers Triple Primary Cancers 9 10.11% cies was 64 years. The most prevalent subtype was mature

B-cell lymphoma, accounting for 50.6% of cases, followed
by acute myeloid leukemia (14.6%), NK/T cell lymphoma

or more

were stage 111, and 18% were stage IV. The majority dem-
onstrated a good performance status (PS), with scores
of 0-1 in 76.4% and scores of =2 in 4.5%. Among the 89
MPC patients, 66.3% had a prior HM diagnosis, while
33.7% had LC as their initial malignancy (Table 3).

(11.2%), plasma cell neoplasms (10.1%), myelodysplas-
tic syndromes (4.5%), and Hodgkin lymphoma (3.4%).
Genetic abnormalities were assessed in 35 patients, with
a detection rate of 91.4%. These abnormalities included
chromosomal aberrations (63.6%), gene rearrangements

(69.6%), and gene mutations (86.9%) (Table 4).

Table 2 Distribution of Third or More Primary Cancers in Patients with Primary Lung Cancer Complicated by Hematological

Malignancies

ID Gender First Primary Cancer Second Primary Cancer Third Primary Cancer Fourth Primary
Cancer

38 Female Breast Cancer Lung Adenocarcinoma B-Cell Lymphoma

42 Male Lung Adenocarcinoma Renal Clear Cell Carcinoma Gastric Stromal Tumor T-Cell Lymphoma

43 Female Breast Cancer Colorectal Cancer B-Cell Lymphoma Lung
Adenocarcinoma

45 Male B-Cell Lymphoma Bladder Cancer Lung Adenocarcinoma

46 Female Cervical Cancer Lung Squamous Cell Carcinoma Acute Leukemia

47 Female Breast Cancer Multiple Myeloma Lung Adenocarcinoma

65 Male Stomach Cancer Multiple Myeloma Lung Adenocarcinoma

73 Female Thyroid Cancer Lung Adenocarcinoma Multiple Myeloma

81 Male Multiple Myeloma Renal Clear Cell Carcinoma Lung Adenocarcinoma

Table 3 Clinical Characteristics of Lung Cancer Patients with MPC

Clinical Feature Cases Proportion (%) Clinical Feature Cases Proportion (%)

Age <60 years 26 2921% PS Score 0-1 68 76.40%
>60 years 63 60.79% >2 4 4.50%

Pathological Type Squamous 13 14.61% Unclear 17 19.10%
Adenocarcinoma 63 70.79% Surgical History Yes 59 66.29%
Adenosquamous 2 2.25% No 26 25.84%
Small Cell 5 5.62% Unclear 4 7.87%
NSCLC-NOS 6 6.74% Molecular Abnormality Yes 32 35.96%

Clinical Stage Stage | 39 43.82% No 6 6.74%
Stage |l 5 5.62% Unclear 51 57.30%
Stage Il 12 13.48% Hematological Malignancy Occurred First ~ Yes 59 66.29%
Stage IV 16 17.98% Lung Cancer Occurred First Yes 30 33.70%
Unclear 17 19.10%

Note NSCLC-NOS refers to Non-Small Cell Lung Cancer-Not Otherwise Specified
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Fig. 3 Ten lung cancer driver gene mutation states in 38 patients
Table 4 Clinical Characteristics of Patients with Hematologic Malignancies
Clinical Feature Number of Cases Proportion (%)
Age <60 years 31 34.83%
=60 years 58 65.17%
Pathology Mature B-cell Lymphoma 45 50.56%
Acute Myeloid Leukemia 13 14.61%
NK/T-cell Lymphoma 10 11.24%
Non-Hodgkin Lymphoma 5 5.62%
Myelodysplastic Syndrome 4 4.49%
Hodgkin Lymphoma 3 3.37%
Genetic Material Alteration Present 32 35.96%
Absent 3 337%
Unknown 54 60.67%
Chromosomal Aberrations Present 14 63.64%
Absent 8 36.36%
Gene Rearrangements Present 16 69.57%
Absent 7 30.43%
Gene Mutations Present 20 86.96%
Absent 3 13.04%

Treatments administered for lung cancer and hematologic 19.1% (17/89), immunotherapy in 3.4% (3/89), chemo-
malignancies therapy in 5.6% (5/89), and radiotherapy in 2.2% (2/89).
In the cohort of 89 MPC patients, 66.3% (59/89) had  The treatment details for lung cancer were unknown in
undergone previous surgical intervention for lung cancer.  3.4% (3/89) of cases.

For other patients, targeted therapy was administered in
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Regarding the treatment of hematological tumors, tar-
geted therapy accounted for 7.9% (7/89), immune-related
therapy for 6.7% (6/89), and chemotherapy for 67.4%
(60/89). The detailed treatment methods are provided in
Supplementary Table 2.

Survival outcomes

In the cohort of 85 MPC patients analyzed for survival,
the median overall survival (mOS) was 46.2 months
(95% CI 21.9-70.6). The 3- and 5-year OS rates were
55.2% and 37.9%, respectively (Fig. 4A). Among the 38
patients undergoing LC molecular testing, the mOS was
52.6 months in 27 cases with positive mutations, display-
ing 3- and 5-year OS rates of 69.4% and 46.2%, respec-
tively (Fig. 4B). For the 12 advanced LC patients with
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LC gene mutations, the mOS was 52.6 months (95% CI:
42.3-62.8), with 3- and 5-year OS rates of 91.7% and
30.6%, respectively (Fig. 4C). The median progression-
free survival (mPFS) following first-line treatment of 11
advanced patients with lung cancer-associated driver
gene mutations is 26.6 months (Fig. 4D).

Comparatively, MPC patients with genetic abnormali-
ties related to HM had more favorable outcomes, evident
in a 5-year overall survival rate of 72.2% compared to
19.5% in wildtype cases (P<0.001) (Fig. 5A). Those with a
history of LC surgery showed a significantly longer mOS
of 69.4 months (95% CI: 5.7-133, P<0.001) than patients
without such a history (Fig. 5B). Additionally, patients
with stage I-II LC had a significantly longer mOS of up to
69.4 months (95% CIL: 12.1-126.6, P<0.05) (Fig. 5C). LC

B OS of 27 Patients with MPC Carrying Lung
Cancer-Related Gene Mutations
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Fig. 4 Overall survival (OS) and Progression-free survival (PFS). (A) OS in 85 MPC patients. (B) OS in 27 patients with MPC carrying lung cancer-related
gene mutations. (C) OS in 12 advanced patients with lung cancer-associated driver gene mutations. (D) PFS in 11 advanced patients with lung cancer-
associated driver gene mutations treated with first-line therapy. A total of 12 patients with advanced lung cancer gene mutations were enrolled, one of

whom with an unknown treatment regimen was excluded from PFS analysis
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Fig. 5 The survival outcomes of each subgroup. (A) OS in hematologic malignancy-related genetic abnormalities. (B) OS in lung cancer surgical history.
(C) OS in staging subgroups of lung cancer among multiple primary cancers. (D) OS in PS score of lung cancer. (E) OS in pathological subgroups of lung

cancer. (F) OS in subgroups with different time intervals between two tumors

patients with a PS score of 0—1 exhibited a significantly
longer mOS of 52.6 months (95% CI: 32.5-72.7, P<0.001)
(Fig. 5D). Furthermore, patients diagnosed with adeno-
carcinoma experienced a prolonged mOS of 69.1 months
(95% CI: 18.8-86.4, P<0.05) (Fig. 5E). Among the 75
patients with metachronous MPC, those with an interval
of occurrence between LC and HM within 5 years dem-
onstrated a significantly longer mOS of 51 months (95%
CIL: 30.0, 72.0, P<0.05) (Fig. 5F).

In the univariate analysis, several factors were signifi-
cantly associated with OS, including a history of surgery
for LC (HR: 0.393, 95% CI: 0.193-0.797, P<0.05), early
stage of LC (HR: 0.417, 95% CI: 0.182-0.956, P<0.001),
favorable PS score (HR: 0.110, 95% CI: 0.030-0.399,
P<0.05), a cancer interval within 5 years (HR: 0.276, 95%
CI: 0.097-0.786, P<0.05), and the presence of genetic
abnormalities associated with HM (HR: 0.097, 95% CI:
0.024-0.387, P<0.001) (Fig. 6 and Supplementary Table
3).

The subsequent multivariate Cox regression analy-
sis revealed independent prognostic factors, including
a history of surgery for LC (HR: 0.276, 95% CI: 0.083—
0.918, P<0.05), a favorable PS score (HR: 0.079, 95% CI:

0.011-0.538, P<0.05), adenocarcinoma pathology of LC
(HR: 0.211, CI: 0.049-0.916, P<0.05), and the presence
of genetic abnormalities associated with HM (HR: 0.052,
95% CI: 0.010-0.279, P<0.001) (Fig. 7 and Supplemen-
tary Table 3).

Durable response to RET inhibition in a patient with

RET fusion-positive lung adenocarcinoma and chronic
lymphocytic leukemia

In June 2020, a 59-year-old female patient presented with
chronic lymphocytic leukemia, followed by a diagnosis
of lung adenocarcinoma in April 2021. Molecular profil-
ing of the lung tumor revealed an oncogenic RET fusion.
Treatment with the RET inhibitor pralsetinib com-
menced on June 16, 2021, with no intervention for hema-
tological tumors. The Progress Free Survival (PES) was
26.6 months. Administration of the RET inhibitor pral-
setinib resulted in significant responses in both malig-
nancies, achieving a partial response in the lung lesions
and effective responses in hematologic tumors based on
chest CT, lymph nodes, and WBC findings (Figs. 8 and
9).
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Characteristics HR(95% CI) Univariate analysis P value Univariate analysis
Gender I
Male Reference 1
Female 0.938 (0.459 - 1.915) .ﬁ',_. 0.861
Age \
<60 Reference 1
>60 1.213 (0.523 - 2.817) b 0.653
History of Comorbidities :
Yes Reference 1
No 0.898 (0.445 - 1.813) - 0.764
Order of Malignancies in Lung and Blood System Cancers !
Blood Malignancy First Reference :
Lung Cancer First 1.248 (0.628 - 2.483) Hi— 0.527
Synchronous MPC 1
Yes Reference H
No 3.734 (0.508 - 27.436) — 0.195
Time Interval for Lung Cancer and Blood System Malignancy in Metachronous Cancers 1
Over 10 Years Reference :
5-10 Years 0.776 (0.253 - 2.381) »l— 0.657
Within 5 Years 0.276 (0.097 - 0.786) el 0.016
Lung Cancer Tissue Gene Mutation !
Yes Reference :
No 0.000 (0.000 - Inf) X 0.998
Lung Cancer Surgical History 1
No Reference :
Yes 0.393 (0.193 - 0.797) oy 0.01
Lung Cancer Pathology 1
Squamous Cell Carcinoma Reference !
Adenocarcinoma 0.617 (0.226 - 1.684) o:- 0.346
Small Cell Carcinoma 3.010 (0.701 - 12.920) —— 0.138
Lung Cancer Staging 1
Stage IlI-IV Reference H
Stage Il 0.417 (0.182 - 0.956) @ 0.039
Lung Cancer PS Score 1
22 Reference H
0-1 0.110 (0.030 - 0.399) e, <0.001
Blood System Malignancy Type 1
Acute Myeloid Leukemia Reference !
Myeloproliferative Neoplasm 0.555 (0.062 - 4.994) ..{— 0.6
Mature B-cell Lymphoma 0.440 (0.139 - 1.397) on 0.164
Hodgkin's Lymphoma 1.461 (0.262 - 8.141) —-e— 0.666
Plasma Cell and Plasma Cell Tumor 0.289 (0.051 - 1.632) o+- 0.16
NK/T-cell Lymphoma 1.443 (0.417 - 4.991) B — 0.563
Blood System Malignancy Genetic Alterations 1
None Reference !
Yes 0.097 (0.024 - 0.387) ®! <0.001

Fig. 6 Univariate analysis for overall survival
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Fig. 7 Multivariate analysis for overall survival

Discussion

Recently, studies conducted in 2022 and 2023 using
SEER database patient information (spanning from 1973
to 2015 and 1975-2018, respectively) have implicated
Hodgkin’s lymphoma in the development of subsequent
lung cancer, associating this relationship with radio-
therapy. The 2022 study identified an increased risk of
secondary lung cancer related to radiation therapy (95%

CI: 1.002-1.55) [26], while the 2023 study established a
correlation between primary lung cancer and subsequent
tumors with radiation therapy (95% CI: 1.08-1.35) [14].
Notably, these studies overlooked the pathological and
genetic characteristics of lung cancer.

Over the last decade, targeted therapies for lung can-
cer and recent advancements in blood-based targeted
treatments have gained significant progresses. Given
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Baseline 2021/6/16 1.6month: 2021/8/3 4months 2021/10/12
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2022/8/25 2023/5/23
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G '% Best Response:PR;PFS:26.6months 4>|

] 2020/6/4 ) 2021/4/30 2021/6/24 2023/9/1
Diagnosed with Chronic Diagnosed with  Initiation of Pralsetinib Progression of Disease
Lymphocytic Leukemia, No Lung Cancer at 400mg/qd for
Treatment Administered Targeted Therapy

Fig. 8 Chest CT scans and Treatment Timeline in the Case. (A) Baseline scan before treatment; (B) Scan after 1.6 months of treatment; (C) Scan after 4
months of treatment; (D) Scan after 7 months of treatment; (E) Scan after 14.5 months of treatment; (F) Scan after 23.5 months of treatment; (G) Timeline

illustrating the course of treatment

the current lack of research on the relationship between
novel treatment modalities, genetic features, and progno-
sis in PLC-PHM MPC, our study aims to address this gap
by focusing on epidemiology, clinical information, and
genetic characteristics, contributing to a more compre-
hensive understanding of this complex interplay.

In this comprehensive 20-year retrospective study, we
systematically analyzed 89 patients diagnosed with MPC
involving PLC and PHM at a tertiary academic hospital.
Our findings revealed a significant increase in PLC-PHM
MPC incidence, with an annual trend showing nearly a
9-fold rise from 2011 to 2022. These results align with
previous extensive analyses of population-based can-
cer registry data [6—8]. The heightened risk of second-
ary primary malignancies and associated risks among
individuals with cancer can be attributed to factors
such as advancements in tumor diagnosis, promotion
of genetic testing, improvements in treatment efficacy,
and extended patient survival [7, 10, 27, 28]. It is crucial
to note that treatment itself may induce gene mutations,
enhancing the potential for subsequent cancer develop-
ment [9, 15]. Consequently, research underscores the
imperative of personalized treatment approaches and a
comprehensive evaluation of the potential risks of future
MPC.

Smoking is a significant risk factor for numerous pri-
mary cancers, with smokers having a hazard ratio for
multiple primary cancers 1.3-fold greater than non-
smokers [29]. However, our findings deviate from this
established association. Only 31.46% (28 out of 89) of
MPC patients had a history of smoking, which may be
attributed to the 1.47:1 male-to-female ratio in our study
and a 52.8% smoking ratio in male patients. Our cohort
predominantly consisted of elderly males, aligning with
previous studies [1, 2, 30, 31]. In our male patient popula-
tion, the smoking rate was 52.8%. However, only 31.46%
of the overall group were smokers. Considering the biases
related to gender and age, this discrepancy does not con-
clusively indicate a relationship between smoking and the
occurrence of MPC.

In this study, 10.11% of patients exhibited familial
tumor predisposition, consistent with previous investiga-
tions [32]. Additionally, 38.2% had underlying diseases.
Our findings align with prior studies, underscoring the
need for vigilance in individuals diagnosed with MPC,
especially those with comorbidities such as hypertension,
diabetes, or chronic inflammation, regarding the poten-
tial development of secondary primary tumors [33-35].

The majority of cases in our study (89.9%) were char-
acterized by metachronous presentation, consistent
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with previous retrospective analyses reporting a higher
incidence of metachronous diagnoses in cases of mul-
tiple primary cancers [36, 37]. Furthermore, our study
revealed that a shorter interval (within 5 years) between
the diagnosis of PLC and PHM was associated with a
more favorable prognosis, aglining with results of several
studies on head-and-neck and LC MPC (38, 39]. How-
ever, further validation is needed, as other investigations
had not observed significant differences in survival based
on synchronous versus metachronous presentation [36,
37].

In this study, the prevalence of lung adenocarcinoma
histology was significantly higher (70.8%) compared to
the general PLC population (55%), indicating increased
susceptibility to MPC among patients with adenocar-
cinoma. Regarding hematologic malignancies, mature
B-cell lymphoma (50.56%) was the most prevalent sub-
type, followed by acute myeloid leukemia (14.61%),
showing a higher distribution compared to epidemiologi-
cal data (40% and 10% respectively) in HM [1].

Furthermore, the driver mutation rate in PLC within
our PLC-PHM MPC cohort was notably elevated (84.2%),

with the EGFR mutation rate reaching 74.19%, surpassing
rates observed in previous LC cohorts (32.2%) [40-43].
The high mutation burden suggests that genetic suscep-
tibilities, particularly EGFR mutations, may play a role
in the development of PLC-PHM MPC tumors. Addi-
tional genomic profiling studies are required to ascer-
tain whether patients with PLC-PHM MPC also exhibit
unique genomic abnormalities contributing to the devel-
opment of MPC.

Previous studies have shown a 5-year lung cancer sur-
vival rate of 19.8% [44]. Among these, advanced-stage
EGFR-positive lung cancer patients typically have a mOS
of 45.7 months [44]. Our research indicates that our
cohort’s survival rates surpass these figures. The mOS
for patients with PLC-PHM MPC was 46.2 months, with
a 5-year survival rate of 37.9%. Advanced LC patients
with gene mutations had an even higher mOS of 52.6
months and a 5-year OS rate of 30.6%. The mPFS follow-
ing first-line treatment of 11 advanced patients with lung
cancer-associated driver gene mutations is 26.6 months,
outperforming reported outcomes of three third-genera-
tion EGFR-TKIs in the treatment of advanced LC (mPFS:
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18.9-20.8 months) [45-47]. This survival advantage can
be partially attributed to the elevated mutation burden,
enabling personalized targeted therapy [48-52].

In addition, we observed clinical factors associated
with the prognosis of PLC-PHM MPC. These factors
include the time interval between the occurrence of two
primary cancers, genetic findings related to hematologic
malignancies, as well as the stage and performance status
of LC. Our MPC cohort exhibited a higher prevalence of
oncogenic alterations, according with a longer OS, com-
pared to cohorts of solitary lung cancers [40, 50, 53, 54].
However, our statistical analysis did not establish a cor-
relation between lung cancer driver gene mutations and
survival prognosis. This may be attributed to the limited
size of our data sample and the substantial variability in
clinical outcomes among patients with different gene
mutations. Additionally, the inadequacy of our sample
size, coupled with missing data, precluded the possibil-
ity of conducting subgroup analyses. It is plausible that
targeted therapy guided by genomic profiling was admin-
istered in many cases.

Several limitations should be acknowledged in this
study. Firstly, being conducted at a single tertiary aca-
demic hospital with a modest sample size, findings may
lack generalizability. Large-scale multi-institutional col-
laborations are recommended for validation and expan-
sion. Secondly, retrospective design limits data capture,
particularly on systemic therapy specifics impacting sur-
vival outcomes. Thirdly, further germline and somatic
genomic analyses would enhance the understanding of
genetic predispositions in MPC. Lastly, despite two-
decade patient monitoring, OS data may be incomplete
due to the extended lifespan observed in current cohorts.
Continued follow-up is warranted to reveal additional
secondary malignancies and OS events.

Conclusion
The primary observations can be briefly summarized as
follows:

+ The incidence of PLC-PHM MPC showed an
increasing annual trend over the past two decades.

+ PLC-PHM MPC patients were predominantly elderly
males and non-smokers. Metachronous MPC was
more cCommon.

+ Lung adenocarcinoma and mature B-cell lymphoma
were the most frequent cancer types.

+ A high frequency of targetable driver mutations,
such as EGFR, was observed in lung cancer
specimens.

+ The median overall survival of PLC-PHM MPC
patients reached 46.2 months, with a corresponding
5-year survival rate of 37.9%. For the 12 advanced LC
patients with LC gene mutations, the mOS was 52.6
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months, with 5-year OS rates of 30.6%. The mPFS
following first-line treatment of 11 advanced patients
with lung cancer-associated driver gene mutations

is 26.6 months. Survival outcomes appeared better
compared to historical cohorts of solitary primary
lung cancer.

« Shorter interval between two cancers, positive
hematologic malignancy genetic findings, history of
lung cancer surgery, early TNM stage, pathology of
lung adenocarcinoma, and better performance status
were associated with superior overall survival.

In conclusion, our study has outlined unique epide-
miological and genomic features of PLC-PHM MPC
patients over the past two decades. Tailoring treatment
approaches is vital for the improved management of this
specific patient cohort. In the era of novel therapeutic
modalities, the combination of lung cancer and hema-
tologic malignancies represents a fortunate scenario.
Further research is needed to elucidate the underlying
pathogenic mechanisms contributing to the occurrence
of MPC.
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