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Abstract
Objectives: We	sought	to	examine	occupational	disparities	in	tumor	grade	and	
cytosolic	 expression	 of	 high-	mobility	 group	 box-	1	 (HMGB1)	 among	 renal	 cell	
cancer	(RCC)	patients.
Methods: This	 retrospective	 study	 included	 318	 RCC	 patients	 with	 complete	
information	on	occupation	and	pathology	in	Kanagawa	Cancer	Registry	(KCR).	
Longest-	held	occupations	were	grouped	into	manual	workers	(e.g.,	manufactur-
ing,	construction)	versus	“others.”	Odds	ratios	(OR)	and	95%	confidence	intervals	
(CI)	for	high-	grade	histology	were	estimated	by	logistic	regression,	adjusted	for	
age	and	sex.	We	also	examined	a	sub-	sample	of	74 low-	grade	RCC	inpatients	to	
estimate	 the	 OR	 for	 positive	 cytosolic	 HMGB1	 expression	 in	 manual	 workers,	
adjusting	for	age,	sex,	and	other	available	covariates.
Results: High-	grade	tumors	were	more	prevalent	in	manual	workers	compared	
to	other	occupations:	23.0%	(14/61)	versus	10.9%	(28/257,	p =  .01)	with	an	ad-
justed	 OR	 of	 2.28	 (95%	 CI,	 1.11–	4.69).	 In	 the	 sub-	sample	 of	 low-	grade	 RCCs,	
positive	 cytosolic	 HMGB1	 expression	 was	 more	 prevalent	 in	 manual	 workers	
compared	to	other	occupations:	71.4%	(10/14)	versus	38.3%	(23/60,	p = .03)	with	
a	sex-		and	age-	adjusted	OR	of	3.76	(95%	CI,	1.03–	13.7).
Conclusions: Manual	workers	are	associated	with	increased	risks	of	high-	grade	
renal	cell	tumors	and	cytosolic	HMGB1	expression.
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1 	 | 	 INTRODUCTION

Renal	cell	cancer	(RCC)	is	the	sixth	and	tenth	most	com-
mon	cancer	worldwide	in	men	and	women,	respectively.1	
In	Japan,	the	incidence	rate	for	RCC	is	roughly	one-	third	
compared	 with	 that	 in	 Western	 countries,	 but	 the	 inci-
dence	 has	 been	 rising.1,2	 As	 in	 other	 malignant	 tumors,	
histologically	high-	grade	RCCs	are	associated	with	worse	
prognosis.3

The	 contribution	 of	 lifestyle	 metabolic	 risk	 factors	
(e.g.,	 hypertension	 and	 diabetes)	 to	 RCC	 tumor	 grade	
has	been	debated.4,5	There	are	known	socioeconomic	dis-
parities	 in	 metabolic	 risk	 factors.	Therefore,	 it	 would	 be	
possible	 that	 those	 in	 lower	 socioeconomic	 groups	 (e.g.,	
manual	workers)	are	linked	to	higher	prevalence	of	meta-
bolic	risks,	which	may	in	turn	result	in	higher	RCC	tumor	
grade	 in	 those	 socioeconomic	 strata.	 Within	 such	 lower	
socioeconomic	groups,	some	specific	occupations	are	also	
associated	with	cancer	 risk.	For	example,	previous	stud-
ies	suggest	that	occupations	in	certain	manufacturing	in-
dustries	(e.g.,	metal	workers,	printers,	and	oil	processors)	
are	associated	with	higher	incidence	of	RCC.2,6-	9	Workers	
in	 transportation	 are	 suggested	 to	 at	 risk	 of	 cancer.10-	12	
However,	evidence	remains	sparse	on	socioeconomic	dis-
parities	in	RCC	tumor	grades.

Additionally,	 high-	mobility	 group	 box-	1	 (HMGB1)	 is	
known	to	be	a	 typical	damage-	associated	molecular	pat-
tern	 molecule	 (DAMP)	 triggering	 an	 immune	 response	
in	combination	with	Toll-	like	receptor	(TLR)	and	the	re-
ceptor	for	advanced	glycation	end	products	(RAGE).13	In	
the	case	of	RCC,	HMGB1	is	thought	to	predict	high-	grade	
tumors.	The	distribution	of	positive	cytosolic	HMGB1	ex-
pression	 was	 higher	 in	 patients	 with	 Grade	 2	 or	 greater	
RCC	compared	with	those	with	Grade	1	RCC	in	a	previous	
study	(17/27	[63%]	vs.	2/12	[17%],	p = .01).14	However,	lit-
tle	is	also	known	about	occupational	differences	in	posi-
tive	cytosolic	HMGB1	expression	among	RCC	patients.	In	
this	context,	we	hypothesized	that	even	among	low-	grade	
RCC	 patients,	 certain	 occupations	 would	 be	 associated	
with	the	positive	cytosolic	HMGB1	expression,	a	biologi-
cal	marker	for	high-	grade	histological	potential.14

In	 this	 retrospective	 study	 of	 RCC	 patients,	 using	 a	
population-	based	 cancer	 registry	 and	 inpatient	 immu-
nohistochemistry	 data	 in	 Japan,	 we	 sought	 to	 examine	
whether	there	are	occupational	disparities	in	tumor	grade	
and	cytosolic	HMGB1	expression.

2 	 | 	 MATERIALS AND METHODS

2.1	 |	 Study design, setting, and 
participants

In	this	cross-	sectional	study,	we	analyzed	a	population-	
based	 dataset	 (1974–	2016)	 of	 the	 Kanagawa	 Cancer	
Registry	(KCR).	We	also	analyzed	inpatient	data	(2008–	
2019)	 from	Kanto	Rosai	Hospital,	a	designated	hospital	
participating	in	the	KCR.	The	patients	registered	in	KCR	
and	those	in	Kanto	Rosai	Hospital	are	both	drawn	from	
one	 metropolitan	 prefecture	 of	 Kanagawa	 Prefecture	
that	covers	~7%	of	 the	 Japanese	population.	Details	 for	
KCR,	accredited	by	the	Surveillance,	Epidemiology,	and	
End	 Results	 (SEER),	 and	 Kanto	 Rosai	 Hospital	 have	
been	previously	described.14-	18	Briefly,	both	datasets	 in-
cluded	 basic	 information	 (sex,	 age,	 date	 of	 diagnosis)	
and	pathological	information.	The	KCR	collected	infor-
mation	 on	 occupation	 if	 available	 during	 the	 study	 pe-
riod	(~10%	of	the	registered	cases).	Although	the	data	of	
KCR	 spanned	 several	 decades,	 previous	 diagnosis	 and	
pathological	codes	are	updated	to	the	latest	version	to	be	
consistent	 with	 changes	 in	 coding	 practice.15-	17	 For	 in-
patient	 data	 on	 RCC	 from	 Kanto	 Rosai	 Hospital,	 occu-
pational	background	was	gathered	from	medical	charts,	
and	immunohistochemistry	data	of	the	cytosolic	expres-
sion	of	HMGB1	were	included	to	the	dataset.	The	study	
was	carried	out	using	an	opt	out	approach	in	accordance	
with	the	guidelines	outlined	in	the	Helsinki	Declaration	
of	1964.	De-	identified	datasets	were	used	in	the	present	
study,	 and	 the	 local	 ethics	 committees	 approved	 the	
study	(Protocol	Number	2020–	004).

For	the	main	analysis	of	the	association	between	occu-
pation	and	histological	grade,	we	analyzed	RCC	patients	
registered	in	the	KCR	(C64	in	International	Classification	
of	Diseases,	10th	revision).	Of	16 236	patients,	we	included	
318	patients	who	had	complete	information	on	pathologi-
cal	grade	and	occupation	(Figure 1).	For	the	immunohisto-
chemistry	data	analysis,	we	analyzed	inpatients	with	RCC	
in	Kanto	Rosai	Hospital.	Of	166	 inpatients,	we	 included	
74	inpatients	with	histological	subtype	of	low-	grade	clear	
cell	carcinoma	(CCC),	who	had	complete	information	on	
occupation,	 immunohistochemistry,	 and	 behavioral	 risk	
factors	 (such	 as	 smoking,	 drinking,	 and	 comorbidities;	
Figure 1).	Due	to	a	large	fraction	for	missing	data,	imputa-
tion	was	not	possible	(Figure 1).

K E Y W O R D S
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2.2	 |	 Definitions of primary and 
secondary endpoints

Our	primary	endpoint	was	RCC	tumor	grade.	Among	RCC	
patients	registered	in	KCR	having	pathological	diagnoses	
with	the	World	Health	Organization	(WHO)	pathological	
grading	 system,16,17	 we	 identified	 42	 patients	 with	 high-	
grade	tumors,	having	WHO	pathological	grade	of	3	or	4.	
The	 remaining	 276	 were	 classified	 as	 low-	grade	 tumors,	
having	WHO	pathological	grade	of	1	or	2.

For	 the	 immunohistochemistry	 data	 analysis	 in	 the	
subsample	 of	 74  low-	grade	 inpatients	 treated	 at	 Kanto	
Rosai	 Hospital	 (defined	 by	 WHO	 grade	 of	 1	 or	 2),	 we	
identified	 33	 cases	 with	 positive	 expression	 of	 cytosolic	
HMGB1	in	RCC	specimens	and	41	with	negative	expres-
sion	of	cytosolic	HMGB1.

2.3	 |	 Occupational backgrounds

Using	 the	 longest-	held	 occupation	 recorded	 in	 KCR	
and	 Kanto	 Rosai	 Hospital	 based	 on	 the	 Japan	 Standard	
Occupational	 Classification,	 we	 classified	 each	 RCC	 pa-
tient	 into	 two	 groups:	 manual	 workers	 or	 “other”	 occu-
pational	 group	 (i.e.,	 non-	manual	 workers).19,20	 Manual	
workers	 included	 those	 involved	 in	occupational	 classes	
of	manufacturing,	construction,	mining,	and	 transporta-
tion.	 “Other”	 occupational	 group	 included	 professional,	
managerial,	clerical,	sales,	and	service	workers.	According	
to	 a	 potential	 lower	 cancer	 risk	 in	 previous	 studies,21,22	

those	who	were	not	actively	engaged	in	paid	employment	
such	 as	 homemakers,	 students,	 unemployed,	 and	 class	
unknown	workers	were	also	grouped	 in	 the	other	occu-
pational	 group.	 Industrial	 clusters	 were	 not	 specified	 in	
this	study.

In	sensitivity	analysis,	we	used	different	patient	group-
ing,	considering	possible	misclassification	of	exposure	to	
lifestyle	 related	 factors	 and	 carcinogen	 by	 our	 relatively	
broad	classification	for	occupation.2,6-	9	We	excluded	those	
involved	in	transportation	from	the	manual	worker	group	
because	they	were	less	likely	to	expose	to	industrial	agents.	
We	also	excluded	those	involved	in	service	and	sales	from	
the	 other	 occupational	 group	 because	 they	 were	 also	
higher	risk	of	lifestyle-	related	factors	compared	to	profes-
sional	and	managerial	workers.19,23

2.4	 |	 Immunohistochemistry data

Following	 the	 methodology	 used	 in	 previous	 studies,	
74	 paraffin-	embedded	 sections	 of	 preserved	 RCC	 speci-
mens,	 excised	 by	 radical	 or	 partial	 nephrectomy,	 were	
immunohistochemically	 stained	 in	 accordance	 with	 the	
manufacturers’	 instructions.14	 For	 primary	 anti-	HMGB1	
antibodies,	ab80246	(Abcam)	was	used	for	12	specimens	
during	 2008	 to	 2012.	 Additionally,	 we	 obtained	 immu-
nohistochemical	data	 from	62	specimens	during	2012	 to	
2019,	separately	from	the	prior	12	specimens.	In	this	addi-
tional	process,	ab79823	(Abcam)	were	used	for	the	staining	
process	 at	 a	 professional	 immunohistochemistry	 testing	

F I G U R E  1  Flowcharts	showing	the	selection	of	renal	cell	cancer	patients	in	the	Kanagawa	Cancer	Registry	and	Kanto	Rosai	Hospital.	
Abbreviation:	HMGB1,	high-	mobility	group	box-	1
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company	(Morphotechnology	Co.,	Ltd,	Hokkaido,	Japan).	
An	 independent	 pathologist	 (AT	 or	 TU)	 confirmed	 the	
positive	expression	of	cytosolic	HMGB1,	referring	a	posi-
tive	 control,	 in	 a	 double-	blinded	 manner	 if	 they	 judged	
that	 the	 cytosolic	 HMGB1	 expressions	 were	 positive	 for	
more	 than	30%	 tumor	cells	on	 sections	 (Figure 2).14	We	
validated	 the	 judgment	 of	 two	 independent	 pathologists	
by	the	results	of	complete	matching	of	diagnoses	on	five	
different	specimens.	Secondary	antibodies	were	not	used	
based	on	previous	studies.14

2.5	 |	 Other variables

Age	 and	 sex	 were	 included	 as	 basic	 confounding	 vari-
ables.	For	potential	mediating	variables	that	may	explain	
the	association	between	occupation	and	tumor	grade,	we	
included	 histological	 subtype	 (CCC	 or	 non-	CCC	 [e.g.,	
papillary,	 chromophobe,	 and	 sarcomatoid	 differentia-
tion])	in	the	analysis	for	KCR.14,17	For	potential	mediating	
variables	that	may	explain	the	association	between	occu-
pation	 and	 high-	grade	 potentials	 expressed	 by	 cytosolic	
HMGB1	in	 the	analysis	among	 low-	grade	 inpatients,	we	
included	 smoking	 (pack-	years),	 drinking	 (drink-	years),	
hypertension	(yes/no),	diabetes	(yes/no),	and	body	mass	
index	 as	 occupation-	related	 behavioral	 factors.1,2,4,24	
Furthermore,	we	also	 included	C-	reactive	protein	(CRP)	
as	well	as	neutrophil-	to-	lymphocyte	ratio	(NLR)	in	blood	
test	before	nephrectomy	as	a	systemic	chronic	inflamma-
tory	indicator	that	has	been	reported	to	play	a	critical	role	
in	pathogenesis	and	progression	of	cancer.25-	27

2.6	 |	 Statistical analysis

The	background	characteristics	were	compared	by	a	t-	test	
or	chi-	squared	test.

For	 KCR	 data,	 we	 estimated	 the	 odds	 ratio	 (OR)	 and	
95%	 confidence	 interval	 (CI)	 of	 high-	grade	 tumors	 for	
manual	workers	using	logistic	regression,	adjusted	for	sex	
and	 age	 (main	 analytic	 model).	 The	 other	 occupational	
group	served	as	the	reference	group	in	all	analyses.	In	ad-
dition,	we	adjusted	for	non-	CCC	subtype	as	mediators.28

For	 immunohistochemistry	 data	 from	 the	 74	 inpa-
tients,	 we	 estimated	 the	 OR	 of	 the	 positive	 cytosolic	
HMGB1	expression	for	manual	workers,	adjusted	for	age	
and	sex	 (main	analytic	model).	 In	addition,	as	a	supple-
mental	 data	 analysis,	 we	 further	 adjusted	 for	 behavioral	
and	chronic	inflammatory	covariates	as	mediators.28

In	sensitivity	analyses,	we	performed	analyses	just	re-
stricted	to	men.	Due	to	limited	sample	size,	we	could	not	
perform	 analyses	 in	 women	 only.	 Additionally,	 we	 used	
different	 patient	 grouping	 (excluding	 those	 involved	 in	
transportation,	 service,	 and	 sales),	 considering	 possible	
misclassification	 of	 exposure	 regarding	 lifestyle	 related	
factors	 and	 carcinogen	 by	 our	 relatively	 broad	 classifi-
cation	 for	occupation.	 In	 stratified	analyses	of	 immuno-
histochemistry	data	by	primary	antibodies,	we	restricted	
analyses	to	the	62	specimens	collected	during	2012	to	2019	
(ab79823)	because	of	potential	differences	in	staining	pro-
cess	of	primary	antibodies.

Alpha	was	set	at	0.05,	and	all	p-	values	were	two-	sided.	
Data	were	analyzed	using	STATA/MP13.1	(StataCorp	LP,	
College	Station,	TX,	USA).

3 	 | 	 RESULTS

3.1	 |	 Occupational differences in high- 
grade tumors among RCC patients in KCR

Among	RCC	patients	in	KCR,	high-	grade	tumors	were	more	
prevalent	in	manual	workers	compared	with	others	(Table 1):	
23.0%	versus	10.9%	(p = .01).	The	age	and	sex-	adjusted	odds	

F I G U R E  2  Immunohistochemistry	staining	high-	mobility	group	box-	1	among	renal	cell	cancer	patients.	Positive	cytosolic	expressions	
(A)	and	negative	expressions	(B)	in	tumor	cells
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for	high-	grade	tumors	was	elevated	among	manual	workers:	
the	OR	was	2.28	(95%	CI,	1.11–	4.69;	Figure 3).	An	increased	
OR	was	observed	among	manual	workers	after	additional	
adjustment	for	histological	subtype	(Figure 3).	The	numbers	
of	high-	grade	tumors	in	specific	blue-	collar	occupations	are	
shown	in	Table 2,	showing	higher	percentage	of	high-	grade	
tumors	among	RCC	patients	of	construction	workers.

In	 a	 sensitivity	 analysis	 restricted	 to	 male	 patients,	
high-	grade	tumors	were	more	prevalent	in	manual	work-
ers	 compared	 with	 others	 in	 KCR:	 24.1%	 (14/58)	 versus	
11.5%	 (25/217,	 p  =  .01)	 with	 significantly	 elevated	 ORs	
(Figure  3).	When	 excluding	 those	 in	 transportation,	 ser-
vice	and	sales	industries,	the	observed	odds	for	high-	grade	
tumors	among	manual	workers	was	significantly	elevated,	
with	some	escalation	of	the	effect	size	(Figure 3).

3.2	 |	 Positive cytosolic HMGB1 
expression among low- grade RCC in Kanto 
Rosai Hospital

For	 immunohistochemistry	 data,	 a	 positive	 cytosolic	
HMGB1	 expression	 was	 more	 prevalent	 in	 manual	

workers	 compare	 with	 others	 (Table  1):	 71.4%	 versus	
38.3%	 (p =  .03).	The	odds	 for	positive	cytosolic	HMGB1	
expression	 were	 elevated	 in	 manual	 workers	 (Table  3):	
the	age	and	sex-	adjusted	OR	was	3.76	(95%	CI,	1.03–	13.7),	
which	 remained	 significant	 after	 additional	 adjustments	
for	behavioral	and	chronic	inflammatory	factors.

In	a	sensitivity	analysis	restricted	to	male	patients,	the	
positive	cytosolic	HMGB1	expression	was	more	prevalent	
in	 manual	 workers	 compared	 with	 others,	 with	 signifi-
cantly	elevated	ORs	(Table 3).	Likewise,	when	excluding	
those	 in	 transportation,	 service	 and	 sales	 industries,	 the	
positive	cytosolic	HMGB1	expression	was	more	prevalent	
in	manual	workers	compared	with	others	(Table 3).

Additionally,	 when	 restricted	 to	 the	 62	 specimens	
during	 2012–	2019,	 the	 occupational	 pattern	 of	 cytosolic	
HMGB1	 expression	 was	 similar	 but	 not	 significant	 due	
to	a	small	sample	size:	66.7%	(8/12)	versus	40.0%	(20/50,	
p =  .096),	with	 the	maximally-	adjusted	OR	of	4.89	(95%	
CI,	 0.91–	26.3).	 Due	 to	 the	 data	 limitation,	 statistical	 as-
sessment	 was	 not	 possible	 for	 the	 12	 specimens	 during	
2008	 to	 2012	 (the	 positive	 cytosolic	 HMGB1	 expression	
was,	 respectively,	 observed	 in	 2	 out	 of	 2	 among	 manual	
workers	and	3	out	of	10	among	others).

T A B L E  1 	 Characteristics	of	renal	cell	carcinoma	patients	in	Kanagawa	Cancer	Registry	and	a	designated	hospital	who	had	complete	
information	on	occupation	and	histology

Characteristics

Mean ± SD or number (%)

p- valueManuala Others

RCC	patients	in	Kanagawa	Cancer	Registry,	n = 318

Total	number n = 61 n = 257

High-	grade	histology 14	(23.0) 28	(10.9) 0.01

Age 59 ± 10 58 ± 11 0.34

Female 3	(4.9) 40	(15.6) 0.03

Non-	clear	cell	carcinoma	subtype 8	(13.1) 18	(7.0) 0.12

Patients	with	low-	grade	clear	cell	carcinoma	in	Kanto	Rosai	Hospital,	n = 74

Total	number n = 14 n = 60

Positive	cytosolic	HMGB1	expression 10	(71.4) 23	(38.3) 0.03

Age,	yrs 66 ± 12 61 ± 12 0.24

Female 1	(7.1) 16	(26.7) 0.12

Smoking,	pack-	years 12.6 ± 16.0 15.6 ± 18.4 0.57

Drinking,	cup-	years 49.8 ± 29.2 39.5 ± 43.8 0.41

Hypertension 11	(78.6) 23	(38.3) 0.007

Diabetes 3	(21.4) 8	(13.3) 0.44

Body	mass	index,	kg/m2 24.9 ± 3.8 23.6 ± 3.8 0.25

C-	reactive	protein,	mg/dL 0.17 ± 0.18 0.16 ± 0.20 0.86

Neutrophil-	to-	lymphocyte	ratio 2.53 ± 1.03 2.18 ± 0.79 0.17

Abbreviations:	HMGB1,	high-	mobility	group	box-	1;	RCC,	renal	cell	cancer.
aManual	workers	included	manufacturing,	construction,	mining,	and	transportation	workers;	the	other	occupation	group	included	professional,	managerial,	
clerical,	sales,	and	service	workers,	and	those	who	were	not	actively	engaged	in	paid	employment	(e.g.,	homemakers,	students,	unemployed,	and	class	
unknown	workers).
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F I G U R E  3  Odds	ratios	of	renal	cell	cancer	patients	of	manual	workers	for	high-	grade	tumors	estimated	by	logistic	regression.	
Abbreviations:	CCC,	clear	cell	carcinoma;	CI,	confidence	interval;	OR,	odds	ratio

T A B L E  2 	 Numbers	of	high-	grade	tumors	and	positive	expressions	for	cytosolic	high-	mobility	group	box-	1	among	specific	manual	
workers

Characteristics

Number (%)

Manufacturing Construction
Other manual 
occupations

RCC	patients	in	Kanagawa	Cancer	Registrya

High-	grade	RCC 5	(18.5) 6	(37.5) 3	(16.7)

Low-	grade	RCC 22	(81.5) 10	(62.5) 15	(83.3)

Patients	with	low-	grade	clear	cell	carcinoma	in	Kanto	Rosai	Hospitalb

Positive	cytosolic	HMGB1	expression 5	(37.5) 3	(75.0) 2	(100)

Negative	cytosolic	HMGB1	expression 3	(62.5) 1	(25.0) 0	(0)

Abbreviations:	HMGB1,	high-	mobility	group	box-	1;	RCC,	renal	cell	cancer.
aIn	Kanagawa	Cancer	Registry,	manual	workers	included	manufacturing	(n = 27),	construction	(n = 16),	and	transportation	workers	(n = 18);	the	other	
occupation	group	included	professional	(n = 43),	managerial	(n = 25),	clerical	(n = 25),	sales	(n=35),	and	service	workers	(n = 15),	and	those	who	were	not	
actively	engaged	in	paid	employment	(e.g.,	homemakers,	students,	unemployed,	and	class	unknown	workers;	n = 114).
bIn	Kanto	Rosai	Hospital,	manual	workers	included	manufacturing	(n = 8),	construction	(n = 4),	mining	(n = 1),	and	transportation	workers	(n = 1);	the	other	
occupation	group	included	professional	(n = 16),	managerial	(n = 9),	clerical	(n = 9),	sales	(n = 6),	and	service	workers	(n = 10),	and	those	who	were	not	
actively	engaged	in	paid	employment	(e.g.,	homemakers,	students,	unemployed,	and	class	unknown	workers;	n = 10).
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4 	 | 	 DISCUSSION

As	 far	 as	 we	 are	 aware,	 this	 study	 is	 the	 first	 to	 sug-
gest	 occupational	 differences	 in	 tumor	 grades	 and	
immunohistochemistry	 for	 RCC,	 using	 data	 from	 a	
population-	based	 cancer	 registry	 and	 nested	 inpatients	
of	 a	 designated	 hospital	 simultaneously.	 Compared	
with	 RCC	 patients	 of	 other	 occupational	 groups,	 those	
of	 manual	 workers	 had	 double	 the	 risk	 for	 high-	grade	
tumors.	 In	 addition,	 even	 among	 low-	grade	 cancer	 pa-
tients,	blue-	collar	industries	such	as	manufacturing	and	
constructions	tend	to	be	associated	with	higher	risks	for	
histological	 malignancies	 confirmed	 by	 HMGB1,	 after	
adjusting	for	behavioral	and	chronic	 inflammatory	fac-
tors.	Therefore,	our	findings	suggest	lifestyle	related	fac-
tors	and	carcinogenesis	on	the	tumor	grade	of	RCC	may	
differ	by	occupational	background.

For	occupational	disparities	 in	RCC	incidence,	 spe-
cific	 occupational	 exposures	 to	 carcinogens	 of	 indus-
trial	 agents	 (e.g.,	 trichloroethylene	 and	 heavy	 metal)	
partly	play	a	role.6-	9	However,	on	top	of	this	traditional	
occupational	 disparity	 linked	 to	 specific	 carcinogens,	
occupations	are	known	to	play	as	a	proxy	for	socioeco-
nomic	status	for	cancer	incidence.	For	RCC	incidence,	
established	 lifestyle-	related	 risks	 are	 smoking,	 hyper-
tension,	 diabetes,	 and	 obesity.1,4	 Traditionally,	 work-
ers	 in	 low	socioeconomic	occupations	 such	as	manual	
workers	in	blue-	collar	industries	are	more	likely	to	have	
these	 risks.	 In	 Japan,	 we	 recently	 reported	 that	 man-
agers	 and	 professionals	 in	 service	 industries	 are	 more	
likely	 to	 report	 occupational	 stress	 and	 hypertension,	
and	 to	have	a	higher	risk	 for	RCC	 incidence	 compared	
with	blue-	collar	workers.2	In	recent	studies	from	South	
Korea	 and	 Nordic	 countries,	 the	 similar	 pattern	 has	

T A B L E  3 	 Occupational	differences	in	positive	expressions	for	cytosolic	high-	mobility	group	box-	1	among	patients	with	low-	grade	clear	
cell	carcinoma

Characteristics

Odds ratio (95% confidence interval)a

Crude Age & sex adjusted Additional adjustments

All,	n = 74

Manual	workerb 4.02	(1.13–	14.3) 3.76	(1.03–	13.7) 8.56	(1.72–	42.6)

Age,	yrs 1.01	(0.97–	1.05) 1.00	(0.96–	1.04) 1.01	(0.97–	1.06)

Female 0.61	(0.20–	1.86) 0.75	(0.24–	2.38) 0.70	(0.15–	3.30)

Smoking,	pack-	years 1.00	(0.97–	1.02) 1.00	(0.97–	1.04)

Drinking,	drink-	years 1.00	(0.99–	1.01) 1.00	(0.98–	1.01)

Hypertension 0.77	(0.31–	1.95) 0.40	(0.11–	1.41)

Diabetes 0.67	(0.18–	2.52) 0.52	(0.10–		2.77)

Body	mass	index,	kg/m2 0.93	(0.82–	1.05) 0.92	(0.79–	1.07)

C-	reactive	protein,	mg/dL 2.05	(0.19–	22.6) 3.31	(0.20–	53.8)

Neutrophil-	to-	lymphocyte	ratio 0.81	(0.46–	1.42) 0.65	(0.34–	1.25)

Men,	n = 57

Manual	workerc 5.29	(1.27–	22.0) 5.38	(1.25–	23.2) 18.8	(2.57–	137.0)

Age,	yrs 1.01	(0.97–	1.05) 1.00	(0.95–	1.04) 1.01	(0.95–	1.07)

Smoking,	pack-	years 0.99	(0.97–	1.02) 1.03	(0.99–	1.07)

Drinking,	drink-	years 1.00	(0.98–	1.01) 1.00	(0.98–	1.01)

Hypertension 1.23	(0.43–	3.49) 0.53	(0.11–	2.59)

Diabetes 0.15	(0.02–	1.37) 0.03	(0.001–	0.62)

Body	mass	index,	kg/m2 0.96	(0.83–	1.11) 0.95	(0.78–	1.14)

C-	reactive	protein,	mg/dL 6.03	(0.17–	218.5) 2.02	(0.02–	250.1)

Neutrophil-	to-	lymphocyte	ratio 0.74	(0.41–	1.36) 0.48	(0.22–	1.06)
aOdds	ratios	and	95%	confidence	intervals	for	positive	expression	of	cytosolic	high-	mobility	group	box-	1	were	estimated	by	logistic	regression.
bWhen	excluding	those	in	transportation,	service	and	sales	industries,	the	positive	cytosolic	HMGB1	expression	was	more	prevalent	in	manual	workers	
compared	with	others:	69.2%	(9/13)	versus	38.6%	(17/44,	p = .05),	with	the	additionally-	adjusted	OR	of	6.35	(95%	CI,	1.12–	35.9).
cThe	positive	cytosolic	HMGB1	expression	was	more	prevalent	in	manual	workers	compared	with	others:	76.9%	(10/13)	versus	38.6%	(17/44,	p = .02).
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been	 observed.8,9	 However,	 occupational	 impacts	 on	
tumor	grades	have	remained	inconclusive.	In	the	pres-
ent	 study,	 we	 found	 that	 high-	risk	 histological	 poten-
tials	 were	 associated	 with	 manual	 workers.	Therefore,	
different	 aspects	 of	 occupations	 may	 play	 a	 role	 in	
tumor	grades.

The	 possible	 mechanisms	 underlying	 occupational	
differences	 in	 tumor	grades	 in	RCC	remain	unclear	and	
scarce.	 Meanwhile	 knowledge	 on	 socioeconomic	 gaps	
in	tumor	grades	has	been	accumulating	in	other	urolog-
ical	 cancers.	 For	 instance,	 occupational	 differences	 in	
exposure	to	hazardous	chemicals	might	be	possible.	In	a	
hospital-	based	study	with	454	patients	with	bladder	can-
cer	in	the	United	Kingdom,	high-	grade	tumors	were	more	
common	among	blue-	collar	workers,	in	particularly	those	
working	in	manufacturing	and	transportation,	compared	
with	other	occupational	groups.29

Regarding	HMGB1	functions,	including	inflammation,	
proliferation,	and	tissue	regeneration	in	the	pathogenesis	
of	 renal	diseases,	 the	main	 function	of	HMGB1	 in	cyto-
plasm	is	known	to	limit	apoptosis.13	HMGB1	can	translo-
cate	from	nucleus	to	cytoplasm	under	certain	stress,	and	is	
suggested	to	accelerate	kidney	damage	and	promote	RCC	
development.13,14,30	Although	mechanisms	of	occupation-	
related	tumor	grades	through	HMGB1	have	not	been	ex-
plained,	it	is	possible	that	job	stress	in	blue-	collar	workers	
(e.g.,	 lower	 job	controls)31	might	 induce	chronic	 inflam-
mation	 in	 micro-	environment	 of	 renal	 cells	 and	 in	 turn	
increase	the	risk	of	high-	grade	cancer	potentials.	Hence,	
future	studies	are	expected	to	explore	biological	pathways	
of	higher	tumor	grades	from	occupational	stress	in	com-
bination	with	lifestyle-	related	risks	to	HMGB1	expression	
in	RCC.

This	 study	 has	 several	 limitations.	 First,	 although	
pathological	 data	 from	 a	 population-	based	 cancer	 regis-
try	and	a	designated	hospital	were	diagnosed	by	pathol-
ogists	 and	 updated	 to	 the	 latest	 version	 to	 be	 consistent	
with	changes	in	coding	practice,	these	were	not	based	on	
a	 central	 pathology	 review.	 Therefore,	 information	 bias	
on	 tumor	 grades	 might	 be	 possible.	 On	 the	 other	 hand,	
misclassification	 of	 tumor	 grade	 is	 unlikely	 to	 be	 differ-
ential	 with	 respect	 to	 our	 exposure	 of	 interest	 (industry	
type),	and	hence,	the	likely	direction	of	bias	is	toward	the	
null.	Second,	our	sample	size	was	small,	and	 the	results	
of	 multivariable	 regression	 analysis	 adjusted	 for	 several	
behavioral	 and	 chronic	 inflammatory	 covariates	 should	
be	 interpreted	 cautiously.	 Also,	 we	 could	 not	 evaluate	
the	 association	 for	 non-	CCC	 subtypes.	 Additionally,	 im-
munohistochemistry	 data	 for	 normal	 renal	 tissues	 were	
not	 available	 due	 to	 the	 limitation	 of	 our	 study	 design.	
Stainability	were	changeable	due	to	different	storage	du-
ration	in	fixing	solution	and	antibody.	Data	were	also	lim-
ited	 for	 occupation,	 with	 a	 large	 fraction	 (90%)	 missing,	

so	 that	 imputation	 was	 not	 possible.	 Third,	 KCR	 does	
not	 collected	 occupational	 information	 down	 to	 the	 3-	
digit	code	of	the	International	Standard	Classification	of	
Occupations.32

Although	 the	 national	 cancer	 registry	 in	 Japan	 does	
not	 collect	 relevant	 socioeconomic	 indicators	 (i.e.,	 occu-
pation,	 educational	 attainment,	 or	 incomes),	 we	 found	
occupational	 differences	 in	 RCC	 tumor	 grades	 for	 the	
first	 time	 with	 a	 KCR	 dataset,	 which	 partly	 included	
individual-	level	 occupations.	 Additionally,	 in	 a	 recent	
study,	cancer	patients	of	manual	workers	had	1.25	times	
higher	odds	for	advanced	cancer	stage,28	which	also	sug-
gests	the	existence	of	socioeconomic	disparities	in	health	
behaviors	 including	 delayed	 diagnosis	 with	 non-	cancer	
screening	in	Japan.	Hence,	further	studies	should	address	
occupational	backgrounds	 in	histological	characteristics,	
trying	to	use	data	linkage	approaches.18,33	In	conclusion,	
occupational	disparities	in	RCC	tumor	grades	appeared	to	
exist	in	Japan.	Further	integrated	perspectives	of	clinical	
pathology,	 occupational	 medicine,	 and	 social	 epidemiol-
ogy	are	warranted	to	elucidate	the	determinants	of	occu-
pational	differences	in	RCC	carcinogenesis.
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