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Second primary malignancies after ocular
adnexal lymphoma diagnosis
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Abstract

Background: Although studies have investigated the risk of second primary malignancies (SPMs) associated with
lymphoma of various sites, limited studies have investigated this risk in patients with lymphoma originating within
the ocular adnexa. We conducted a retrospective study to assess incidence of secondary malignancies in patients
with a prior diagnosis of ocular adnexal lymphoma (OAL) and to determine latency periods and age-groups at
increased risk for SPM occurrence.

Methods: Retrospective analysis was performed on data obtained from Surveillance, Epidemiology, and End Results
(SEER) 9 database. Patients with an initial primary malignancy diagnosis of OAL between 1973 and 2015 were
included in the study. Standardized incidence ratios (SIR) and excess absolute risks (EAR) compared to a SEER
reference population with similar sex, race, age, and calendar year were computed for SPMs. Excess absolute risk is
per 10,000 individuals; alpha of 0.05 was used.

Results: Of 1834 patients with primary ocular adnexal lymphoma, 279 developed a secondary malignancy during
average follow-up of 110.03months (+/− 88.46), denoting higher incidence than expected (SIR 1.20; 95% CI, 1.07 to
1.35; EAR 30.56). Amongst the primary lymphoma cohort, 98.7% (1810/1834) of patients had non-Hodgkin’s lymphoma
and amongst those that developed secondary malignancies, 99.6% (278/279) had non-Hodgkin’s lymphoma. Patients
exhibited increased incidence of lymphohematopoietic and non-lymphohematopoietic second malignancies and no
secondary malignancies of the eye or orbit. Patients had increased incidence of secondary malignancies in the first year
(SIR 2.07; 95% CI, 1.49 to 2.79; EAR 150.37) and 1–5 years following lymphoma diagnosis (SIR 1.24; 95% CI, 1.01 to 1.51;
EAR 34.89). Patients with various OAL subtypes demonstrated differing patterns of site-specific and overall SPM risk.

Conclusions: Patients with prior diagnosis of ocular adnexal lymphoma possess increased risk of hematologic and
non-hematologic secondary malignancies. Risk of secondary malignancy could vary by lymphoma subtype. Patients
with ocular adnexal lymphoma may benefit from regular surveillance to promote early detection of second primary
malignancies.
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Background
First described in 1952, ocular adnexal lymphoma
(OAL), a subset of orbital lymphoproliferative disorders,
is the most common malignancy involving the ocular
adnexa and comprises 11–24% of all ocular tumors [1,
2]. OAL can originate from the orbit and surrounding
structures, including the conjunctiva, orbital soft tissues,
eyelid, lacrimal glands/drainage system or other adnexa
[3]. These neoplasms are broadly classified as Hodgkin’s
lymphoma (HL) and non-Hodgkin’s lymphoma (NHL),
although NHL accounts for the vast majority of OAL.
NHL is comprised of neoplasms derived from clonal
proliferation of B or T lymphocytes of nodal or extrano-
dal sites [4]. Most OALs are classified as low-grade B-
cell NHL, and while most NHL arise from mature B
lymphocytes (80%), T (14%), NK (6%), and plasma cell
lines have also been implicated [5]. The most common
major lymphoma subtypes responsible for OAL are
extranodal marginal-zone B-cell lymphoma (EMZL)
(55–66%), follicular lymphoma (FL) (10–29%), diffuse
large B-cell lymphoma (DLBCL) (9–13%), mantle cell
lymphoma (MCL) (6–11%), and small lymphocytic
lymphoma (CLL/SLL) (2–5%) [6, 7].
Improvements in screening, early detection, palliative

care, and definitive therapy have tripled the number of
cancer survivors in the United States since 1971, and that
number continues to grow at a rate of 2% annually [8].
Therefore, quantification of cancer sequelae and long-
term effects of treatment, including second primary malig-
nancy (SPM), has become increasingly important. OAL
generally has favorable survival with a 5-year survival rate
of 50–94%; however, many of these patients receive radi-
ation, chemotherapy, or immunomodulation, which can
increase susceptibility for SPMs [9, 10]. Patients with
SPMs have worse survival compared to patients with iso-
lated primary malignancies and may also suffer from se-
quelae such as vision loss and disfigurement [11, 12].
While the Surveillance, Epidemiology, and End Results
(SEER) Program has been used to investigate SPMs in pa-
tients with other primary ophthalmic malignancies, [13,
14] little is understood about the risk of SPMs in patients
with primary OAL.
In this study, the authors present a population-based study

utilizing the SEER database to assess whether patients with
primary OAL exhibit an increased incidence of SPMs com-
pared to the general population. In doing so, the authors aim
to assess types of SPMs that patients with history of OAL de-
velop and to evaluate latency periods and age groups at par-
ticular risk for development of these SPMs.

Methods
Data extraction
Data was obtained from National Cancer Institute’s
(NCI) SEER cancer registry database using Seer*stat

(version 8.3.5) [15]. The database contains 18 registries,
accounting for approximately 28% of the United States
population. The dataset with 18 registries is limited to
cases diagnosed after 2000, for which reason this study
utilized the 9 registries dataset “SEER 9 Regs Research
Data, Nov 2017 Sub (1973-2015),” containing cases diag-
nosed from 1973 to 2015. The database includes data re-
lated to patient demographics, tumor characteristics,
treatment, and survival; it however lacks data related to
modifiable risk factors (e.g., obesity, smoking), comor-
bidities, and specific treatment data (e.g., radiation dose,
chemotherapy regimen). As only deidentified data was
analyzed with permission from NCI, no institutional re-
view board approval was required for this study in ac-
cordance with institutional policy.

Data collection
All cases reporting a first primary tumor of OAL between
1973 and 2015 were included in the study. OAL was clas-
sified using the Collaborative Staging schema’s (v2.04) def-
inition. Cases diagnosed at autopsy or by death certificate
were excluded from the study. Only malignancies diag-
nosed 2 or more months after the first primary OAL diag-
nosis were considered as SPMs, in order to distinguish
true secondary malignancies from multicentric lymph-
omas or concurrently diagnosed malignancies due to
screening. Demographic variables collected included age
group, race, and gender. Tumor characteristics collected
include primary site, laterality, and histology. Vital status
at end of follow-up period and surgical intervention were
also documented.

Statistical analysis
SPM analysis was conducted through a multiple primary
standardized incidence ratio (MP-SIR) session using the
Seer*stat program. Standardized incidence ratios (SIR)
with 95% confidence intervals (95% CI) and excess abso-
lute risks (EAR) compared to those in the general popula-
tion with similar sex, race (white/unknown, black, other),
age group (5-year interval), and calendar year (5-year
interval) were computed for SPMs after OAL. Sub-
analysis was performed using the same algorithm to com-
pute SPMs after 5 specific OAL subtypes: EMZL, FL,
DLBCL, MCL, CLL/SLL. The reference population used
for the study was “SEER 9 1973-2015 (Nov 2017 sub),
Race (WU/B/O), Event: Site recode B ICD-O-3/WHO
2008,” and is composed of Census Bureau data provided
by SEER, in partnership with National Center for Health
Statistics (https://seer.cancer.gov/popdata/). EAR was cal-
culated per 10,000 individuals and a significance level of
0.05 was used. Descriptive analysis was conducted using
IBM Statistical Package for the Social Sciences Statistics
version 25.
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Results
Cohort characteristics
Of 1834 patients with first primary OAL, 279 individuals
developed a SPM during an average follow-up period of
110.03 months (+/− 88.46). Demographic, tumor, treat-
ment, and survival information are displayed in Table 1.
Orbit (not otherwise specified [NOS]) was the most
common site of OAL within both the overall cohort
(50.9%; 933/1834) and the SPM subset of the overall co-
hort (47.3%; 132/279). Majority of patients were man-
aged without surgical intervention in the overall cohort
(57.1%; 1047/1834), as well as in the SPM subcohort
(58.4%; 163/279). Similarly, majority of patients received
radiation therapy in both the overall cohort (64.3%;
1179/1834) and SPM subcohort (62.0%; 173/279). In
contrast, chemotherapy was received by minority of

patients in both the overall cohort (21.5%; 394/1834)
and SPM subcohort (21.1%; 59/279). At the end of the
follow-up period, 54.4% (998/1834) of patients from the
overall cohort survived and 36.8% (101/279) of patients
from the SPM subcohort survived.
NHL was the predominant lymphoma sub-type

amongst both the overall cohort (98.7%; 1810/1834) and
SPM subcohort (99.6%; 278/279). The overall cohort
was composed of 37.8% (693/1834) EMZL, 11.2% (206/
1834) FL, 10.5% (192/1834) DLBCL, 10.0% (184/1834)
CLL/SLL, and 3.8% (69/1834) MCL. The SPM subcohort
was composed of 26.9% (75/279) EMZL, 14.7% (41/279)
FL, 10% (28/279) DLBCL, 18.6% (52/279) CLL/SLL, and
4.3% (12/279) MCL. Majority of remainder cases in both
the overall cohort and SPM subcohort were either not
otherwise specified or of unknown lineage.

Table 1 Demographic and tumor characteristics of patients at time of OAL diagnosis and survival status at end of follow-up period

Overall Cohort SPM Cohort

n % n %

Age Group 0–49 373 20.3 30 10.8

50–69 769 41.9 145 52

70+ 692 37.7 104 37.3

Race White/Unknown 1504 82 233 83.5

Black 143 7.8 17 6.1

Other 187 10.2 29 10.4

Gender Female 1015 55.3 141 50.5

Male 819 44.7 138 49.5

Primary site Conjunctiva 522 28.5 84 30.1

Lacrimal Gland 220 12 37 13.3

Orbit, NOS 933 50.9 132 47.3

Eyelid 159 8.7 26 9.3

Laterality Unilateral 1693 92.3 260 93.2

Bilateral 119 6.5 15 5.4

Unknown/NA 22 1.2 4 1.4

Surgery status Performed 763 41.6 110 39.4

Not Performed 1047 57.1 163 58.4

Unknown 24 1.3 6 2.2

Chemotherapy Status Received 394 21.5 59 21.1

Not Received/Unknown 1440 78.5 220 78.9

Radiation status Received 1179 64.3 173 62

Not Received/ Unknown 655 35.7 106 38

Vital status Living 998 54.4 101 36.2

Deceased 836 45.6 178 63.8

Type of cancer Hodgkin’s - Extranodal 2 0.1 0 0

Plasmacytoma 22 1.2 1 0.4

Non-Hodgkin’s - Extranodal 1810 98.7 278 99.6

n Sample size; NA Not applicable; OAL Ocular adnexal lymphoma; NOS Not otherwise specified; SPM Second primary malignancy
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SPM incidence
The incidence of malignancies was higher than that of
the general population (SIR 1.20; 95% CI, 1.07 to 1.35;
EAR 30.56). This can be attributed to increased occur-
rences of both hematologic and non-hematologic malig-
nancies; SPMs of lymphohematopoietic origin included
Hodgkin’s lymphoma (SIR 5.64; 95% CI, 1.16 to 16.47;
EAR 1.6), non-Hodgkin’s lymphoma (SIR 5.29; 95% CI,
3.95 to 6.93; EAR 27.27), and leukemia (SIR 2.20; 95%
CI, 1.23 to 3.62; EAR 5.28) whereas SPMs of non-
lymphohematopoietic origin included non-epithelial skin
sites (excluding melanoma and keratinocytic neoplasms;
i.e. Merkel cell carcinoma, sebaceous adenocarcinoma,
sweat gland adenocarcinoma) (SIR 4.91; 95% CI, 1.59 to
11.46; EAR 2.58), the kidney (SIR 2.08; 95% CI, 1.08 to
3.64; EAR 4.03), and the nervous system excluding brain
(SIR 19.90; 95% CI, 2.41 to 71.89; EAR 1.23) (Table 2).
Notably, there was a decreased incidence of female
breast cancer (SIR 0.62; 95% CI, 0.37 to 0.97; EAR −
7.51). Additionally, no SPMs occurred in the eye or orbit
(SIR 0; 95% CI, 0 to 10.64; EAR -0.22).

SPM age and latency analysis
Patients with history of OAL demonstrated increased in-
cidence of overall secondary malignancies within the
first year (2–11months) of OAL diagnosis (SIR 2.07;
95% CI, 1.49 to 2.79; EAR 150.37) and 1–5 years follow-
ing OAL diagnosis (SIR 1.24; 95% CI, 1.01 to 1.51; EAR
34.89). Patients with age 0–49 years (SIR 2.41; 95% CI,
1.25 to 4.22; EAR 28.77) and 50–69 years (SIR 1.33; 95%
CI, 1.08 to 1.62; EAR 38.98) had increased overall inci-
dence of SPMs. In contrast, patients greater than 70
years (SIR 1.10; 95% CI, 0.94 to 1.28; EAR 23.15) dem-
onstrated no difference.
Age groups with increased susceptibility to SPMs dif-

fered by malignancy origin (Table 3). Increased inci-
dence of secondary NHL was found in the 0–49 years
(SIR 8.34; 95% CI, 1.01 to 30.14; EAR 7.21), 50–69 years
(SIR 8.44; 95% CI, 5.35 to 12.67; EAR 31.85), and greater
than 70 years (SIR 3.93; 95% CI, 2.59 to 5.72; EAR 30.25)
subgroups. On the other hand, increased incidence for
SPMs of the kidney was found in the 0–49 years sub-
group (SIR 12.77; 95% CI, 1.55 to 46.12; EAR 7.55), for
non-epithelial skin in the 50–69 years subgroup (SIR
10.20; 95% CI, 1.23 to 36.83; EAR 2.83), for HL in the
50–69 years subgroup (SIR 10.93; 95% CI, 1.32 to 39.49;
EAR 3.85), and for leukemia in the greater than 70 years
subgroup (SIR 2.58; 95% CI, 1.38 to 4.42; EAR 11.98).
Secondary malignancies of the nervous system (exclud-
ing brain) did not demonstrate a significant difference in
incidence in any particular age group.
Similarly, latency periods with increased risk for sec-

ondary malignancies differed by origin (Table 4).
Leukemia and SPMs originating in the kidney (SIR 8.31;

95% CI, 2.26 to 21.27) and nervous system (SIR 109.46;
95% CI, 2.77 to 609.86) demonstrated increased inci-
dence within a year (2–11 months) of OAL diagnosis.
NHL demonstrated increased incidence 1–5 years (SIR
5.85; 95% CI, 3.52 to 9.14), 5–10 years (SIR 2.93; 95% CI,
1.27 to 5.78), and 10+ years (SIR 7.24; 95% CI, 4.53 to
10.95) from OAL diagnosis. HL displayed increased inci-
dence 5–10 years (SIR 13.60; 95% CI, 1.65 to 49.11) from
OAL diagnosis. SPMs of the skin did not demonstrate
any significant patterns regarding latency.

Sub-analysis by OAL subtype
SPM incidence further varied by OAL subtype (Table 5).
Patients with initial FL (SIR 1.48; 95% CI, 1.06 to 2.01;
EAR 79.48) and CLL/SLL (SIR 1.52; 95% CI, 1.13 to
1.99; EAR 84.31) were found to have increased incidence
of malignancies relative to the general population,
whereas patients with EZML (SIR 1.13; 95% CI, 0.89 to
1.41; EAR 17.23), DLBCL (SIR 1.38; 95% CI, 0.92 to
1.99; EAR 60.99), and MCL (SIR 1.20; 95% CI, 0.62 to
2.09; EAR 33.87) were found to have no difference in
incidence of malignancies. Patients with prior FL or
CLL/SLL demonstrated increased incidence of both
hematologic and solid malignancies. Patients with prior
EZML demonstrated increased incidence of hematologic
but not solid malignancies, whereas those with prior
DLBCL demonstrated increased incidence of solid but
not hematologic malignancies. Conversely, patients with
prior MCL were found to have no difference in inci-
dence of either solid or hematologic malignancies rela-
tive to the general population.

Discussion
Using a population-based cancer database, we conducted
a retrospective analysis of 1834 patients with OAL and
found an increased incidence of overall SPMs compared
to the general population, mostly within the first 5 years
of OAL diagnosis and in individuals up to 70 years of
age. Compared to the general population, patients with
prior OAL diagnosis are at increased risk for lymphohe-
matopoietic secondary malignancies such as HL, NHL,
leukemia, and SPMs of solid sites such as in the kidney,
non-epithelial skin (excluding melanoma and keratinocy-
tic neoplasms), and nervous system (excluding brain).
While there is vast literature on occurrence of SPMs

in patients with prior lymphoma, sparse data exists re-
garding SPMs in patients with prior lymphoma specific
to the ocular adnexa. In this study, the majority (99.6%)
of cases were characterized histologically as NHL. Chat-
topadhyay, et al. and Chien, et al. examined SPMs fol-
lowing NHL of non-specified sites and, similar to us,
found an overall increased incidence of developing
SPMs. Moreover, these authors found an increased inci-
dence of SPMs at sites similar to those in our study,
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Table 2 Site-specific standardized incidence ratios and excess absolute risks of SPMs in patients with previous OAL

Second Cancer Site O O/E 95% CI EAR**

All Sites 279 1.20* 1.07–1.35 30.56

All Sites excluding Non-Melanoma Skin 274 1.19* 1.05–1.34 27.98

All Solid Tumors 193 0.94 0.82–1.09 −7.46

Oral Cavity and Pharynx 2 0.39 0.05–1.42 −1.99

Digestive System 48 0.99 0.73–1.31 −0.3

Respiratory System 35 0.96 0.67–1.33 −1.01

Bones and Joints 1 4.8 0.12–26.73 0.51

Soft Tissue including Heart 1 0.84 0.02–4.68 − 0.12

Skin excluding Basal and Squamous 11 1.17 0.58–2.09 1.01

Melanoma of the Skin 6 0.71 0.26–1.55 −1.56

Other Non-Epithelial Skin 5 4.91* 1.59–11.46 2.58

Breast 19 0.62* 0.37–0.96 −7.68

Female Breast 19 0.62* 0.37–0.97 −13.29

Male Breast 0 0 0–14.22 −0.39

Female Genital System 12 0.99 0.51–1.73 − 0.16

Male Genital System 38 1.07 0.75–1.46 3.51

Urinary System 24 1.22 0.78–1.81 2.75

Urinary Bladder 12 0.94 0.48–1.64 −0.52

Kidney and Renal Pelvis 12 1.89 0.98–3.3 3.65

Renal Pelvis, Ureter, and Other Urinary Organs 0 0 0–3.12 −0.77

Kidney 12 2.08* 1.08–3.64 4.03

Renal Pelvis 0 0 0–6.24 −0.38

Ureter 0 0 0–9.7 −0.25

Other Urinary Organs 0 0 0–17.37 −0.14

Eye and Orbit 0 0 0–10.64 −0.22

Brain and Other Nervous System 2 0.87 0.11–3.15 −0.19

Brain 0 0 0–1.68 −1.42

Cranial Nerves/Other Nervous System 2 19.90* 2.41–71.89 1.23

Endocrine System 5 1.81 0.59–4.22 1.45

All Lymphatic and Hematopoietic Diseases 75 3.64* 2.86–4.56 35.17

Lymphoma 55 5.30* 4–6.9 28.87

Hodgkin’s 3 5.64* 1.16–16.47 1.6

HL - Nodal 3 5.86* 1.21–17.13 1.61

HL - Extranodal 0 0 0–180.57 −0.01

Non-Hodgkin’s 52 5.29* 3.95–6.93 27.27

NHL - Nodal 23 3.51* 2.22–5.26 10.63

NHL - Extranodal 29 8.84* 5.92–12.7 16.64

Myeloma 5 1.46 0.48–3.42 1.02

Leukemia 15 2.20* 1.23–3.62 5.28

Lymphocytic Leukemia 6 1.76 0.65–3.83 1.67

Acute Lymphocytic Leukemia 0 0 0–19.88 −0.12

Chronic Lymphocytic Leukemia 6 1.98 0.73–4.32 1.92

Other Lymphocytic Leukemia 0 0 0–18.31 −0.13

Non-Lymphocytic Leukemia 9 2.63* 1.2–5 3.61
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including kidney, skin, lymphoreticular system, and cen-
tral nervous system [16, 17].
An increase in SPMs of the lymphoreticular system is

likely attributable to shared pathophysiology between
primary and secondary malignancies. Increased inci-
dence of NHL was found after 1 year from primary OAL

diagnosis. Specific OAL subtypes demonstrating this
finding were EZML, FL, and CLL/SLL. As the majority
of OAL cases in this study were NHL, this finding is
more likely representative of local/regional/distant re-
currence than true SPM occurrence, a distinction which
is not well-defined in the SEER database; the database

Table 2 Site-specific standardized incidence ratios and excess absolute risks of SPMs in patients with previous OAL (Continued)

Second Cancer Site O O/E 95% CI EAR**

Acute Non-Lymphocytic Leukemia (ANLL) 7 3.17* 1.28–6.54 3.1

Myeloid and Monocytic Leukemia 9 3.03* 1.39–5.75 3.9

Acute Myeloid Leukemia 6 3.17* 1.16–6.91 2.66

Acute Monocytic Leukemia 1 9.62 0.24–53.57 0.58

Chronic Myeloid Leukemia 1 1.14 0.03–6.38 0.08

Other Myeloid/Monocytic Leukemia 1 9.96 0.25–55.5 0.58

Other Leukemia 0 0 0–8.18 −0.29

Other Acute Leukemia 0 0 0–17.57 −0.14

Aleukemic, Subleukemic and NOS 0 0 0–15.29 −0.16

Mesothelioma 0 0 0–5.98 −0.4

Kaposi Sarcoma 0 0 0–19.49 −0.12

Miscellaneous 6 1.07 0.39–2.34 0.27

CI Confidence interval; E Expected; HL Hodgkin’s lymphoma; NHL Non-Hodgkin’s lymphoma; O Observed; OAL Ocular adnexal lymphoma; SIR Standardized
incidence ratio; SPM Second primary malignancy. **Per 10,000 individuals. *P < 0.05

Table 3 Standardized incidence ratios and excess absolute risks of secondary malignancy distributed by time from diagnosis of the
primary OAL

Cancer Site Time Since Diagnosis

2–11months 12–59months 60–119months 120+ months

O O/E (95% CI) O O/E (95% CI) O O/E (95% CI) O O/E (95% CI)

All Sites 42 2.07* (1.49–2.79) 98 1.24* (1.01–1.51) 57 0.89 (0.68–1.16) 82 1.2 (0.95–1.48)

Other Non-Epithelial Skin 1 12.86 (0.33–71.66) 1 3.16 (0.08–17.6) 1 3.53 (0.09–19.69) 2 5.87 (0.71–21.2)

Female Breast 3 1.12 (0.23–3.27) 4 0.38* (0.1–0.98) 2 0.23* (0.03–0.83) 10 1.15 (0.55–2.11)

Kidney 4 8.31* (2.26–21.27) 4 2.1 (0.57–5.38) 3 1.89 (0.39–5.52) 1 0.56 (0.01–3.11)

Cranial Nerves/Other Nervous System 1 109.46* (2.77–609.86) 0 0 (0–103.57) 0 0 (0–131.8) 1 36.03 (0.91–200.74)

All Lymphatic and Hematopoietic Diseases 7 4.03* (1.62–8.31) 25 3.66* (2.37–5.41) 15 2.64* (1.47–4.35) 28 4.40* (2.92–6.36)

Lymphoma 3 3.45 (0.71–10.07) 19 5.53* (3.33–8.64) 10 3.48* (1.67–6.4) 23 7.21* (4.57–10.82)

Hodgkin’s Lymphoma 0 0 (0–75.01) 0 0 (0–19.72) 2 13.60* (1.65–49.11) 1 6.71 (0.17–37.39)

HL - Nodal 0 0 (0–77.88) 0 0 (0–20.49) 2 14.15* (1.71–51.13) 1 6.99 (0.18–38.92)

Non-Hodgkin’s Lymphoma 3 3.65 (0.75–10.68) 19 5.85* (3.52–9.14) 8 2.93* (1.27–5.78) 22 7.24* 4.53 10.95

NHL - Nodal 1 1.8 (0.05–10.02) 12 5.48* (2.83–9.58) 1 0.55 (0.01–3.06) 9 4.51* (2.06–8.57)

NHL - Extranodal 2 7.53 (0.91–27.22) 7 6.61* (2.66–13.63) 7 7.70* (3.09–15.86) 13 12.43* (6.62–21.26)

Leukemia 3 5.18* (1.07–15.14) 4 1.76 (0.48–4.52) 5 2.66 (0.86–6.2) 3 1.42 (0.29–4.16)

Non-Lymphocytic Leukemia 1 3.43 (0.09–19.08) 3 2.63 (0.54–7.68) 3 3.18 (0.66–9.31) 2 1.91 (0.23–6.91)

Acute Non-Lymphocytic Leukemia 1 5.39 (0.14–30.02) 3 4.13 (0.85–12.06) 2 3.29 (0.4–11.9) 1 1.46 (0.04–8.13)

Myeloid and Monocytic Leukemia 1 4 (0.1–22.28) 3 3.06 (0.63–8.94) 3 3.67 (0.76–10.71) 2 2.17 (0.26–7.85)

Acute Myeloid Leukemia 1 6.41 (0.16–35.74) 2 3.25 (0.39–11.76) 2 3.84 (0.46–13.86) 1 1.67 (0.04–9.3)

CI Confidence interval; E Expected; HL Hodgkin’s lymphoma; NHL Non-Hodgkin’s lymphoma; O Observed; OAL Ocular adnexal lymphoma; SIR Standardized
incidence ratio; SPM Second primary malignancy. *P < 0.05
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does not formally report recurrences, and a second pri-
mary tumor with the same histology would more likely
represent a recurrence rather than a true SPM, especially
in the case of lymphoproliferative disease. This finding is
less likely due to synchronous or multicentric lymph-
oma, as increased incidence of NHL was found specific-
ally following greater than 1-year latency periods. In
contrast, HL demonstrated a unique latency period of
5–10 years between the time of primary OAL diagnosis
and the SPM diagnosis, which may be due to potentially
similar pathology and shared dysfunction of the lymph-
atic system; this finding was not specifically associated
with any of the common OAL subtypes included in the
sub-analysis, and may be associated with rarer OAL vari-
ants. Leukemia demonstrated increased incidence within
a year from OAL diagnosis. This may be a result of in-
creased cancer surveillance during the treatment and
follow-up period immediately following cancer diagnosis
leading to increased detection rather than a true in-
creased incidence. On the contrary, studies [16, 17]
examining NHL of non-specified sites also observed in-
creased incidence of second primary leukemia, suggest-
ing the validity of this finding which may be a result of
shared pathophysiology or represent a transformation.
Indeed, the most common OAL subtype associated with
this finding was CLL/SLL, a tumor well-known for its
proclivity to transform [18].

Shared risk factors, including genetic predisposition,
or adverse long-term treatment effects may explain in-
creased incidence of SPMs in certain sites [19]. The in-
creased incidence of non-melanoma skin malignancies
may be due to mutual risk factors such as UV exposure,
[20, 21] whereas the increased incidence of SPMs of the
kidney may be explained due to risk factors such as
smoking, [22, 23] both of which are risk factors associ-
ated with NHL in general. SPMs of the skin did not
demonstrate significant increase in incidence within any
particular latency periods in this study. Conversely,
SPMs of the kidney and nervous system (excluding the
brain) exhibited significantly increased incidence within
the first year following diagnosis of OAL. As with
leukemia, this may result from detection bias rather than
true increased incidence. Previous studies of NHL of
non-specified sites did however report an increased inci-
dence of secondary malignancies of these sites, signifying
that these may indeed be true associations [16, 17].
We also demonstrated differences in SPM incidence

based on patient age. It is important to note that SPMs
of the kidney, non-epithelial skin, and HL were signifi-
cantly increased in their respective age groups with an
observed count of 2 malignancies each; clinical signifi-
cance of these findings is indeterminate given the small
numbers and that these malignancies could have arisen
serendipitously. Other studies are necessary to validate

Table 4 Standardized incidence ratios and excess absolute risks of secondary malignancy distributed by age of patient

Cancer Site Age at Diagnosis of Ocular Adnexal Lymphoma

0–49 years old 50–69 years old 70+ years old

O O/E (95% CI) EAR** O O/E (95% CI) EAR** O O/E (95% CI) EAR**

All Sites 12 2.41* (1.25–4.22) 28.77 99 1.33* (1.08–1.62) 38.98 168 1.1 (0.94–1.28) 23.15

Other Non-Epithelial Skin 0 0 (0–148.47) −0.1 2 10.20* (1.23–36.83) 2.83 3 3.76 (0.78–11) 3.31

Female Breast 2 1.49 (0.18–5.37) 2.68 6 0.53 (0.19–1.15) −8.45 11 0.61 (0.31–1.1) −10.4

Kidney 2 12.77* (1.55–46.12) 7.55 5 2.32 (0.75–5.41) 4.47 5 1.45 (0.47–3.38) 2.33

Cranial Nerves/Other Nervous System 0 0 (0–453.34) −0.03 1 26.25 (0.66–146.24) 1.51 1 18.43 (0.47–102.69) 1.42

All Lymphatic and Hematopoietic Diseases 3 6.24* (1.29–18.23) 10.31 29 5.24* (3.51–7.52) 36.86 43 2.95* (2.13–3.97) 42.69

Lymphoma 3 9.53* (1.97–27.86) 10.99 25 8.60* (5.56–12.69) 34.71 27 3.78* (2.49–5.5) 29.84

Hodgkin’s Lymphoma 1 13.34 (0.34–74.35) 3.79 2 10.93* (1.32–39.49) 3.85 0 0 (0–13.44) −0.41

HL - Nodal 1 13.72 (0.35–76.42) 3.79 2 11.32* (1.37–40.89) 2.86 0 0 (0–14.06) −0.39

Non-Hodgkin’s Lymphoma 2 8.34* (1.01–30.14) 7.21 23 8.44* (5.35–12.67) 31.85 27 3.93* (2.59–5.72) 30.25

NHL - Nodal 0 0 (0–23.93) −0.63 8 4.33* (1.87–8.53) 9.66 15 3.29* (1.84–5.43) 15.7

NHL - Extranodal 2 23.37* (2.83–84.42) 7.84 15 17.12* (9.58–28.24) 22.19 12 5.18* (2.68–9.05) 14.55

Leukemia 0 0 (0–29.44) −0.51 2 1.19 (0.14–4.31) 0.51 13 2.58* (1.38–4.42) 11.98

Non-Lymphocytic Leukemia 0 0 (0–48.13) −0.31 1 1.31 (0.03–7.3) 0.37 8 3.10* (1.34–6.11) 8.14

Acute Non-Lymphocytic Leukemia 0 0 (0–79.16) −0.19 1 1.99 (0.05–11.08) 0.78 6 3.62* (1.33–7.89) 6.53

Myeloid and Monocytic Leukemia 0 0 (0–51.61) −0.29 1 1.44 (0.04–8.01) 0.48 8 3.63* (1.57–7.16) −0.17

Acute Myeloid Leukemia 0 0 (0–89.14) −0.17 1 2.25 (0.06–12.56) 8.71 5 3.56* (1.15–8.3) 0.87

CI Confidence interval; EAR Excess absolute risk; E Expected; HL Hodgkin’s lymphoma; NHL Non-Hodgkin’s lymphoma; O Observed; OAL Ocular adnexal lymphoma;
SIR Standardized incidence ratio; SPM Second primary malignancy. **Per 10,000 individuals. *P < 0.05
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these findings or increase their power through meta-
analysis. While age-related cancer screenings do not
presently exist for these malignancy types, the clinician
should be aware of these potential associations.
Interestingly, there was a reduced incidence of breast

cancer SPMs compared to the general population, with
particular latency in the one to ten-year period following
OAL diagnosis. Prior studies assessing sequence of diag-
nosis in patients with both breast cancer and NHL sug-
gest that breast cancer is more frequently diagnosed
simultaneously or prior to the diagnosis of NHL [24].
Because the objective of our study is to determine subse-
quent malignancies, our inclusion criteria is limited to
only first primary OAL and therefore does not examine

cases of breast cancer that predate an OAL diagnosis.
Similarly, our analysis does not assess simultaneously di-
agnosed malignancies (within 0–2 months). It is there-
fore possible that this finding is reflective of such a
unidirectional and sequential phenomenon rather than
suggestive of an actual lower risk of breast cancer.
Additionally, there was no significant difference in in-

cidence of non-lymphohematopoietic SPMs in the eye
and orbit between patients with history of OAL and the
reference population. This is consistent with what others
have reported, and may be explained by inherent histo-
pathological differences; lymphoma is distinct in hist-
ology from other types of ocular and periocular
malignancies such as melanoma [16, 17]. Importantly,

Table 5 Site-specific standardized incidence ratios of SPMs in patients with varying prior OAL subtypes

EZML FL CLL/SLL DLBCL MCL

Second Cancer Site O SIR (95%CI) O O/E (95%CI) O O/E (95%CI) O O/E (95%CI) O O/E (95%CI)

All Sites 75 1.13 (0.89–1.41) 41 1.48* (1.06–2.01) 52 1.52* (1.13–1.99) 28 1.38 (0.92–1.99) 12 1.2 (0.62–
2.09)

All Sites excluding Non-Melanoma
Skin

74 1.12 (0.88–1.4) 40 1.45* (1.04–1.97) 52 1.52* (1.14–2) 28 1.38 (0.92–2) 11 1.1 (0.55–
1.97)

Colon, Rectum and Anus 5 0.71 (0.23–1.65) 2 0.6 (0.07–2.15) 4 0.88 (0.24–2.25) 7 2.73* (1.1–5.63) 1 0.84 (0.02–
4.68)

Respiratory System 6 0.58 (0.21–1.27) 5 1.12 (0.36–2.61) 11 2.02* (1.01–3.62) 0 0 (0–1.15) 3 1.85 (0.38–
5.41)

Female Breast 5 0.54 (0.18–1.26) 3 0.81 (0.17–2.37) 0 0.00* (0–0.75) 5 1.73 (0.56–4.04) 1 1.02 (0.03–
5.7)

Kidney 5 2.7 (0.88–6.3) 0 0 (0–5.41) 2 2.72 (0.33–9.81) 3 6.28* (1.3–
18.37)

1 3.87 (0.1–
21.55)

Cranial Nerves Other Nervous System 0 0 (0–125.28) 1 87.65* (2.22–
488.37)

1 68.95* (1.75–
384.18)

0 0 (0–418.03) 0 0 (0–857.12)

Thyroid 2 2.01 (0.24–7.25) 1 3.77 (0.1–21.02) 0 0 (0–12.59) 2 9.64* (1.17–
34.84)

0 0 (0–43.31)

All Lymphatic and Hematopoietic
Diseases

19 3.10* (1.87–4.85) 14 5.62* (3.07–9.43) 19 6.58* (3.96–10.27) 4 2.16 (0.59–5.53) 0 0 (0–4.17)

Non-Hodgkin Lymphoma 14 4.75* (2.59–7.96) 9 7.51* (3.43–14.25) 12 8.73* (4.51–15.25) 2 2.27 (0.27–8.2) 0 0 (0–9.03)

NHL - Nodal 9 4.69* (2.15–8.91) 3 3.73 (0.77–10.9) 2 2.13 (0.26–7.68) 2 3.4 (0.41–12.29) 0 0 (0–13.47)

NHL - Extranodal 5 4.84* (1.57–11.3) 6 15.21* (5.58–
33.12)

10 23.03* (11.04–
42.36)

0 0 (0–12.59) 0 0 (0–27.36)

Leukemia 5 2.54 (0.82–5.93) 3 3.59 (0.74–10.48) 5 5.14* (1.67–12) 1 1.59 (0.04–8.88) 0 0 (0–12.44)

Acute Non-Lymphocytic Leukemia
(ANLL)

2 3.09 (0.37–11.17) 1 3.79 (0.1–21.1) 3 9.57* (1.97–27.98) 1 4.99 (0.13–
27.79)

0 0 (0–38.77)

Acute Myeloid Leukemia 1 1.74 (0.04–9.68) 1 4.43 (0.11–24.67) 3 11.60* (2.39–
33.91)

1 5.87 (0.15–
32.72)

0 0 (0–45.66)

Acute Monocytic Leukemia 1 35.06 (0.89–
195.36)

0 0 (0–296.17) 0 0 (0–237.19) 0 0 (0–386.43) 0 0 (0–803.64)

Chronic Myeloid Leukemia 1 4.01 (0.1–22.34) 0 0 (0–35.16) 0 0 (0–29.13) 0 0 (0–45.86) 0 0 (0–97.75)

Other Myeloid/Monocytic Leukemia 0 0 (0–158.88) 1 81.67* (2.07–
455.04)

0 0 (0–223.64) 0 0 (0–372.52) 0 0 (0–810.25)

CI Confidence interval; CLL/SLL Chronic lymphocytic leukemia/small lymphocytic lymphoma; DLBCL Diffuse large B cell lymphoma; E Expected; EMZL Extranodal
marginal-zone B cell lymphoma; FL Follicular lymphoma; MCL Mantle cell lymphoma; O Observed; OAL Ocular adnexal lymphoma; SIR Standardized incidence
ratio; SPM Second primary malignancy. *P < 0.05
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the absence of SPMs in this region suggests that treat-
ment (e.g., radiation) is an uncommon cause of SPMs in
patients with prior OAL.
Many second malignancy associations reported in

studies examining NHL of any site were not observed in
our study focusing solely on OAL. For example, Chatto-
padhyay, et al. have shown an increased risk for SPMs of
the upper aerodigestive tract, gastrointestinal tract, lung,
urinary bladder, melanoma, and thyroid gland [16]. Add-
itionally, Chien and colleagues have found an increased
incidence for SPMs of the stomach, head and neck, bone
and soft tissue, thyroid, liver and biliary tract, and medi-
astinum [17]. The increased incidence of non-ocular
mucosal malignancies in these studies may in part be ex-
plained due to our study including lymphomas solely of
the ocular adnexa, whereas other studies included other
primary sites of NHL such as the gastrointestinal tract.
Extranodal lymphoma may originate from these non-
ocular mucosal sites and require treatment, such as with
radiation, which may predispose these patients to future
increased risks of SPMs in these non-ocular mucosal
sites. In comparison, OAL is remotely located and is less
likely to possess treatment-related predisposition of
SPMs in these regions. Alternatively, differences in our
findings may be explained by differing distributions of
NHL subtypes in the ocular adnexa compared to NHL
in general; for example, whereas DLBCL constitutes 9–
13% of OAL, it is the most common subtype of NHL in
general (25–30%) [6, 7, 25]. Our sub-analysis demon-
strated that patients with DLBCL of the ocular adnexa
had increased incidence of colorectal and thyroid malig-
nancies. Because DLBCL comprises a minor proportion
of OAL, its relative effect may be masked by the other
lymphoma subtypes that more commonly originate from
the ocular adnexa and possess no relative difference in
risk of colorectal or thyroid malignancies.
Although it has previously been documented that sec-

ond primary malignancies following NHL do not differ
by subtype, we found great variation of both overall and
site-specific SPM risks between OAL subtypes in our
sub-analysis [26]. Although this sub-analysis of SPM risk
associated with specific OAL subtypes may prove helpful
in explaining our overall findings, it must be interpreted
with great caution, as sample sizes may represent as little
as 3.8% (69/1834) of the overall cohort such as in the
case of MCL. Future studies with larger sample size are
necessary to reliably determine SPM risk associated with
specific OAL subtypes.
The main limitations of this study, which utilizes the

SEER cancer database, are its retrospective design and
the inherent flaws associated with public databases. Our
finding of overall increased risk of malignancies may be
falsely elevated due to inclusion of likely misclassified
NHL recurrences (18.6%; 52/279). The MP-SIR

algorithm is unable to calculate SPMs without inclusion
of all malignancies, limiting our ability to account for
this confounding factor. Nonetheless, findings related to
other site specific SPMs are highly reliable and of im-
portant clinical value. Additional issues include possible
miscoding, underreporting (e.g., surgical treatment type),
lack of variables related to radiation (e.g., dose, field, ses-
sions), and unreliable or missing information regarding
size and stage (e.g. 1834/1834 unknown Ann Arbor
stage). Furthermore, limitations in reporting of chemo-
therapy (yes, no/unknown) and radiation (yes, no/un-
known) data hinder our ability to explore treatment
related effects. Risk of malignancy is affected by lifestyle-
related factors such as smoking [22, 23, 27]. These fac-
tors are not recorded in SEER and would have strength-
ened our study if adjusted for. Additionally, patients may
move from one region of the country to another and re-
ceive diagnosis and treatment for a SPM at a facility that
does not report data to SEER. Therefore, our results
may reflect overall underreporting in this regard, and
there may be other types of SPM in patients with pri-
mary OAL that were not identified here. It is also pos-
sible that patients with less advanced disease are
underrepresented, as ophthalmologists may be more
comfortable treating these patients alone, without con-
sultation from an oncologist or cancer center that col-
laborates with SEER; there is a lack of consensus,
however, on how advanced initial disease impacts risk of
SPMs, with early stage patients generally having longer
survival periods in which they may develop SPMs and
advanced stage patients receiving treatment that may el-
evates their risk for particular SPMs [28, 29]. Improved
treatment options for lymphoma in the modern era have
led to decreased SPMs that may affect outcomes in our
study which encompasses cases diagnosed between 1973
and 2015 [30]. Despite these limitations, the SEER data-
base has been validated for such analyses [31, 32].

Conclusion
Our findings suggest that there is an increased risk of
SPMs in patients with primary OAL, both of the
lymphoreticular system and amongst solid sites. SPM
risk may vary by OAL subtype. Patients with primary
OAL may benefit from providers’ increased awareness of
these risks. While additional investigation is needed, it
may be prudent for healthcare providers (e.g., primary
care, oncology, ophthalmology) of patients with prior
OAL to monitor for high-risk SPMs during follow-up.
Interdisciplinary coordination of care for each patient
may facilitate early diagnosis and treatment, potentially
improving long-term outcomes.
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