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Although we usually report 5-year cancer survival using population-based cancer
registry data, nowadays many cancer patients survive longer and need to be
followed-up for more than 5 years. Long-term cancer survival figures are scarce in
Japan. Here we report 10-year cancer survival and conditional survival using an
established statistical approach. We received data on 1 387 489 cancer cases from
six prefectural population-based cancer registries in Japan, diagnosed between
1993 and 2009 and followed-up for at least 5 years. We estimated the 10-year
relative survival of patients who were followed-up between 2002 and 2006 using
period analysis. Using this 10-year survival, we also calculated the conditional
S-year survival for cancer survivors who lived for some years after diagnosis. We
reported 10-year survival and conditional survival of 23 types of cancer for 15-99-
year-old patients and four types of cancer for children {0-14 years old) and adoles-
cent and young adults (15-29 years old) patients hy sex. Variation in 10-year cancer
survival by site was wide, from 5% for pancreatic cancer to 95% for female thyroid
cancer. Approximately 70-80% of children and adolescent and young adult cancer
patients survived for more than 10 years. Conditional 5-year survival for most can-
cer sites increased according to years, whereas those for liver cancer and multiple
myeloma did not increase. We reported 10-year cancer survival and conditional sur-
vival using population-based cancer registries in Japan. It is important for patients
and clinicians to report these relevant figures using population-based data.

U sually, population-based cancer registries report 5-year
relative survival of cancer patients. Nowadays, however,
many patients with a variety of cancers can live more than § years
and thus need more information about their long-term prognosis.
Clinicians and medical staff also need information about how
long they should follow up their cancer patients and when they
can assume patients are cured of cancer. This type of data, based
on nationwide databases, was scarce in Japan. Using conventional
methods (cohort approach) to calculate cancer survival, we need
to follow-up for a certain period (e.g. 5 or 10 years) after
diagnosis. Ten-~year survival using conventional methods is based
on the data of patients who were diagnosed more than 10 years
ago; both patients and clinicians need information that is more
up-to-date. To solve the problem, an alternative method (period
approach) has recently been applied to estimate more up-to-date
long-term survival in other countries. =3

Using 10-year survival, we can also report the conditional
S-year survival, as this is known to be a useful statistic for
cancer patients, especially for long-term cancer survivors.
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Conditional survival is a survival estimate based on data of
patients who have survived 1 or more years. As they provide
more relevant information for cancer patients, their families, and
clinicians, some countries have started to report these figures.©®

Our research project (J-CANSIS, the Japanese CANcer Sur-
vival Information for Society), supported by Grant-In-Aid from
the Ministry of Health, Labor and Welfare of Japan in the
financial year 2013, aimed to analyze recent trends in cancer
survival and report long-term survival based on population-
based cancer registry data in Japan.

In this study, we aimed to report the latest 10-year survival
of cancer patients applying established statistical methods, and
demonstrate conditional swrvival as relevant information for
cancer Survivors.

Methods

Study design. A total of ! 387 489 cancer cases were
provided by the population-based cancer registries of six

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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prefectures (Yamagata, Miyagi, Fukui, Niigata. Osaka. and
Nagasaki) in Japan. These prefectural cancer registries have
cancer records with high data quality (% of death certificate
only = 3.9-17.7, Table S1.1) and have been used to estimate
national statistics for cancer survival in Japan for a long time.
This study was approved by the ethical committee of the
Osaka Medical Center for Cancer and Cardiovascular Diseases
(Osaka, Japan) in September 2013, and use of the data was
approved by the six prefectural cancer registries.

Data excluded. We excluded data that were registered by
death certificate only and in situ cases from the analysis. Num-
bers of submitted and excluded cases from analysis are shown
in Table S1.1. We analyzed 789 600 cases with first, primary,
and invasive malignant tumor in a total of six prefectural can-
cer registries (Table S1.2).

Follow-up of patients. In our research project, we used data
of cancer patients who were followed-up for at least 5 years
post-diagnosis. Follow-up methods, years of diagnosis, and fol-
low-up for each registry are shown in Table S2. All cancer
registries adopted linkage to the death certificate database in
the prefecture to confirm the vital status of patients. Patients
without linkage to the prefecture death certificate database are
considered as alive based on this method. This assumption will
be biased and cause overestimation of swrvival, because if
patients die in a prefecture other than that in which they were
diagnosed, their death will not be noted. Registries of Yamag-
ata, Fukui, Osaka (for the whole period), and Nagasaki (partial
period) additionally confirm the vital status of patients who
were considered as alive 5 (and 10) years after diagnosis using
linkage to the residential database from the death certificate.
This method can complement data on patients who moved
outside the prefecture where they were registered. In total, the
percentage of lost to follow-up was <4%. We used a subset of
the study period in which all prefectures had covered years of
diagnosis and follow-up, shown in Figure 1.
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We calculated relative survival by sex and cancer site: 23
types for 15-99-year-old patients and four types for childhood
and adolescent and young adult (AYA) cancer.

Statistical analysis. In the original research project, we ana-
lyzed all the data in Figure 1 to examine trends in cancer sur-
vival. Using conventional approaches, we calculated [0-year
survival for patients diagnosed between 1993 and 1997 (Fig. 1.
solid gray line box) and between 1998 and 2001 (Fig. |, solid
black line box), 5-year survival for patients diagnosed between
2002 and 2006 (Fig. |, dashed gray line box). In addition, we
estimated the [Q-year survival for patients followed-up
between 2002 and 2006 using the period approach {(dashed
black line box). In this paper, we report the 10-year survival
for patients followed-up between 2002 and 2006 using the per-
iod approach and the conditional survival based on the 10-year
survival, due to limitations of space. The whole report of this
research project, which includes all statistics of 10-year sur-
vival by period, sex, and cancer site and the latest 10-year sur-
vival and conditional survival by sex, cancer site, age group,
and stage at diagnosis is available on the website: http://www.
me.pref.osaka.jp/ocr/data/data2/j-cansis.html (in Japanese).

Relative survival. Relative survival is one of the standard
methods to adjust competing causes of death, which is used
when we report cancer survival from population-based cancer
registry data; the ratio of the observed survival (overall sur-
vival) and the expected survival estimated by background mor-
tality (obtained from life tables). We used the complete
(single-year-of-age) national population life tables by sex to
derive the background mortality of cancer patients.'” In this
study, we applied the maximum likelihood method? 1o esti-
mate relative survival using the strel command in the publicly
available Stata program.'' The concept of relative survival is
explained in the Document SI.

Period approach to estimate 10-year survival. We applied the
period approach®'® to estimate 10-year survival. Usually we
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Fig. 1.

Diagnosed and followed-up years of submitted patient data from six Japanese prefectural cancer registries. Bold black figures indicate

data from all six prefectures; gray figures mean a limited number of registries have provided data. The solid gray line box shows the data used
to calculate 10-year survival for patients diagnosed between 1993 and 1997 using conventional methods (cohort approach). The solid black line
box shows the data used to calculate 10-year survival for patients diagnosed between 1998 and 2001 using the cohort approach. The dashed
gray line box shows the data to calculate 5-year survival for patients diagnosed between 2002 and 2006 using the cohort approach. The dashed
black line box shows the data for period approach we applied in this study.
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Table 1. Ten-year relative survival in Japanese cancer patients followed-up between 2002 and 2006 (period approach) and conditional 5-year

survival of 5-year survivors (15-99 years old)

Male Female
. Ten-year Condltlon~al Ten-year Conditional
Site (ICD-10 code) relative 5-year survival relative 5-year survival
n A of S-year n . X
survival, R survival, of 5-year survivors,
% (95% Cl) survivors, % (95% CI) % (95% CI)
% (95% CI)
Lip, oral cavity, and 4214 41.4 (38.4-43.5) 83.3 {80.4-85.8) 1857 53.6 (50.5-56.5) 89.3 (85.8-92.0)
pharynx (C00-C14)
Esophagus (C15) 8265 24.0 (22.7-25.4) 74.7 (71.5-77.6) 1540 32.4 (29.2-35.5) 86.2 (79.8-90.6)
Stomach (C16) 42 930 61.3 (60.7-62.0) 96.8 (96.2-97.3} 20778 58.2 (57.3-59.0) 96.5 (95.8-97.1)
Colon (C18) 18 514 68.9 (67.9-70.0) 97.2 (96.3-98.0) 16 907 62.8 (61.8-63.8) 96.1 (95.3-96.8)
Rectum (C19-C20) 11 922 60.8 (59.5-62.0) 92.7 {91.5-93.8) 6866 63.2 (61.7-64.7) 94.4 (93.1-95.5)
Liver (C22) 14 230 9.6 (9.0-10.3) 38.0 (35.8-40.2) 6945 9.1 (8.2-10.0) 38.4 (35.1-41.7)
Gallbladder etc, (C23-C24) 4436 18.5 (16.9-20.1) 85.9 {80.6-89.8) 5064 15.5 (14.3-16.8) 87.6 (83.2-90.9)
Pancreas (C25) 6310 4.6 (3.9-5.4) 78.8 (70.2-85.2) 5318 4.8 (4.1-5.6) 81.6 (72.4-88.0)
Larynx (C32)t 2297 73.8 (70.8-76.6) 93.2 (90.3-95.3) - - -
Lung (C33-C34) 30 537 18.1 (17.4-18.7) 79.4 (77.4-81.3) 12 525 31.2 (30.1-32.3) 84.2 (82.1-86.2)
Skin (C43-C44) 2213 86.6 (83.0-89.4) 96.5 (92.6-98.4) 2431 90.4 (87.5-92.6) 97.6 (94.7-98.9)
Breast (C50) - - - 28 301 79.3 (78.6-79.9) 90.5 (90.0-91.1)
Cervix uteri {C53) - - - 5106 66.1 (64.5-67.7) 95.4 (94.2-96.4)
Corpus uteri (C54) - 4097 75.6 (73.7-77.3) 96.2 (94.6-97.3)
Ovary (C56) - - - 4163 43.9 (42.0-45.7) 85.6 (83.3-87.6)
Prostate (C61) 19 519 78.0 (75.8-79.9) 89.2 (86.9-91.1) — - -
Kidney, renal pelvis, ureter 4725 59.3 (57.1-61.4) 90.5 (88.1-92.5) 2374 57.1 {54.2-59.8) 91.5 (88.4-93.9)
etc. (C64-C66, C68)
Bladder (C67) 5937 74.6 (72.6-76.5) 94.3 (92.4-95.8) 1928 62.8 (59.5-65.8) 95.3 (91.8-97.3)
Brain and CNS (C70-C72, 921 21.5 (18.6-24.6) 75.0 (68.1--80.6) 785 24.4 (21.1-27.8) 84.1 (77.1-89.0)
C75.1-C75.3)
Thyroid (C73) 1077 87.1 (83.2-80.2) 97.9 (92.9-99.4) 3713 94.8 (93.5-95.9) 99.3 (98.1-99.7)
Malingant lymphoma 4577 43.1 (41.0-45.1) 86.9 (84.0-89.4) 3925 50.6 (48.4-52.7) 87.1 (84.4-89.4)
(C81-C85, C96)
Multiple myeloma (C88-C90) 1153 11.4 (8.9-14.3) 41.2 (32.7-49.5) 1090 14.3 (11,6-17.2) 48.4 {40.2-56.1)
Leukemia (C91-C95) 2599 20.5 (18.6-22.5) 80.4 (75.2-84.7) 1894 20.5 (18.4-22.7) 77.4 (71.9-81.9)

tBoth sexes combined. {Malignant cases only. —, Not applicable; I, confidence interval; CNS, central nervous system.

use a conventional method (cohort approach) to report cancer
survival. However, long-term survival using the conventional
method would be outdated, because we need to wait a long
time to follow-up, up to 10 years after diagnosis. The period
approach was developed to solve the problem and enabled us
to estimate up-to-date long-term survival using recently fol-
lowed-up data (Fig. 1, dashed black line box). Using the per-
iod approach, we only used data on patients who were alive at
some point during 2002-2006, and the cumulative survival
was estimated as the product of interval-specific relative sur-
vival values for cohorts of patients who were diagnosed in
earlier years (1993-2006). In this study, we estimated the 10-
year relative survival of patients who were followed-up
between 2002 and 2006.

Conditional survival: figures for cancer survivors. Using the
latest 10-year survival estimates, we also calculated conditional
S-year survival, which was 5-year survival with the precondi-
tion of having already survived a certain length of time (0—
5 years in this report). Conditional 5-year survival for x-year
survival is calculated as follows: divide the (x + S)-year cumu-
lative survival rate by the x-year cumulative survival, or calcu-
late (x + 5)-year cumulative survival, limited to the x-year
survivors, in accordance with other studies.™” We show how
the conditional survival estimate was obtained in Docu-
ment S2, together with examples.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

All statistical analyses were carried out using the standard
statistical package Stata version 13.1.07

Results

We calculated 10-year relative survival based on patients who
were followed-up between 2002 and 2006 by sex and cancer
site (Table 1, Fig. Sla,b, and Table §3.1-3.3 in detail). For
both sexes, over 85% of patients with thyroid and skin cancer
survived for more than 10 years. Ten-year survival rates of
pancreas and liver cancer patients were <10%. For men, pros-
tate cancer patients also had a good prognosis; 10-year sur-
vival was 78%. For women, {0-year survival of breast cancer
patients was approximately 80%. Ten-year survival rates of
lung, oral cavity, esophageal, thyroid cancer, and malignant
lymphoma for women were 8-13% higher than for men. On
the other hand, men with stomach, colon, gallbladder, and
bladder cancer survived longer than women.

For both child and AYA patients, 10-year survival in males
was lower than females. Ten-year survival of leukemia, acute
lympheblastic leukemia, and malignant lymphoma was higher
among children than AYAs (Table 2, Fig. Slc,d, and
Table S3.1 in detail).

Conditional survival showed different patterns according to
cancer site (Fig. 2a,b, Table 1, and Table S4.1-4.3 in detail).

Cancer Sci | November 2014 | vol. 105 | no. 11 | 1482
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Table 2. Ten-year relative survival in Japanese cancer patients followed-up between 2002 and 2006 {period approach) and conditional 5-year
survival of S-year survivors: Children (0-14 years old) and adolescents and young adults {(AYAs, 15-29 years old)

Children (0-14 years old)

AYAs (15-29 years old)

Types of cancer
(ICD-10 code) Ten-year relative

survival, % (95% CB)

Conditional 5-year
survival of 5-year
survivors, % (95% Ci}

Ten-year relative
survival, % (95% Cl)

Conditional 5-year survival
of 5-year survivors, % (95% Cl)

All sites (C00-C96)

male 762 73.2 {69.8-76.3) 94.9 (92.7-96.5) 1060 66.0 (62.9-68.9) 94.5 (92.4-96.0)
female 621 79.3 (75.8-82.3) 96.8 (94.7-98.1) 1396 75.3 (72.8-77.7) 94.9 (93.2-96.2)
Leukemia (C91-C95) 470 76.5 (72.2-80.3) 96.1 (93.4-27.7) 277 52.5 (46.1-58.6) 92.3 (83.6-96.4)
ALL 310 78.6 (73.3-83.0) 96.8 (94.7-98.1) 97 36.9 (26.4-47.4) 87.4 (60.7-96.4)
Malignant lymphoma 125 88.6 (81.4-93.1) 89.7 (82.6-94.0) 262 73.4 (66.7-78.9) 93.6 (87.2-96.9)
(C81-C85, C96)
Brain and CNS 271 58.0 (51.3-64.2) 95.5 (90.5-97.9) 170 58.9 (50.8-66.1) 83.5 (75.2-89.3)

(C70-C72, C75)7

tMalignant cases only. ALL, acute lymphoblastic leukemia (ICD O3-M 9811-9818, 9826, 9835-9837); Cl, confidence interval; CNS, central nervous

system.

Most cancer sites, such as stomach, colorectum gallbladder,
and kidney, showed that after surviving 2-3 years post diagno-
sis, the conditional 5-year survival approached 100%. Condi-
tional survival of liver cancer and multiple myeloma patients
did not increase; even 5 years post diagnosis, conditional
S-year survival was <509%. Prostate and breast cancer patients
achieved high 5-year survival from the initial phase after diag-
nosis; however, survival among those with conditional 5-year
survival did not increase. This means that a small proportion
of those cancer patients continued to die after diagnosis. For
thyroid and skin cancer, S-year survival at diagnosis was
approximately 90%, and conditional 5-year survival of survi-
vors some years after diagnosis was approaching 100%. This
means that patients of those cancers generally did not die from
those cancers for a long time.

For both male and female childhood cancer, conditional
S-year survival increased over the years (Fig. 2¢, Table 2, and
Table S4.1-4.3 in detail). Conditional 5-year survival rcached
more than 95% 5 years after diagnosis. For AYA cancer
patients, although the 5-year survival rates at diagnosis were
lower than those of children, conditional 5-year survival for
S-year survivors approached 95%.

Discussion

We reported 10-year cancer survival and conditional survival
using population-based cancer registry data from six prefec-
tures with high quality and a long history within Japan. These
statistics have been required by cancer patients and clinicians
in order to know their prognosis for a long time. Nowadays,
many patients can be cured of cancer due to improvements in
cancer management (early detection and treatment), However,
some sites of cancer patients need to be medically followed-
up, because of the possibility of recurrence of disease. Publish-
ing this type of statistical data is one way to support cancer
patients and clinicians.

Ten-year survival. Ten-year survival rates of thyroid, skin
and breast cancer were higher than 85-90%. This means that
these patients have a very low possibility of death from those
cancers after diagnosis. Cancer at sites that can be diagnosed
earlier, such as prostate, thyroid, breast, cervix uteri, colon,
rectum, stomach, and bladder, have a relatively better progno-
sis. In contrast, 10-year survival rates of some cancer sites that

Cancer Sci | November 2014 | vol. 105 | no. 11 | 1483

cannot be diagnosed carly or for which there is no curative
treatment, such as pancreas and liver cancer and multiple mye-
loma, are very low.

The advantage of survival for lung, oral cavity, and esopha-
geal cancers in females may be partly explained by the differ-
ences in smokin§,r prevalence, which was known as a
prognostic factor.'® -

Comparing Japanese data with Korean data® (1999-2007),
10-year survival of some cancer sites in patients from Korea and
Japan was similar. For esophagus, stomach, lung, and prostate
cancer, 10-year survival rates in Japan was higher than those in
Korea. Long-term survival of thyroid, cervical, corpus, ovarian
cancer, and leukemia was higher in Korea than in Japan. These
differences may be partly related to variations in the system of
carly detection and cancer care in both countries.

Compared with Swedish data® (period approach of 2005—
2009), 10-year survival for most sites of cancer in Japan were
higher than in Sweden, especially esophageal, stomach, colo-
rectal, lung, ovarian, cervical, and thyroid cancer which were
much higher. However, {0-year survival of muitiple myeloma
in Japan was slightly lower than in Sweden.

For childhood cancer, compared with the SEER report (US
data),\'” although the age range was slightly different (US,
0-19 years; Japan, 0-14 years), 10-year survival was similar
for leukemia, ALL, and all sites, except for brain and central
nervous system, for which survival was slightly lower in
Japan.

Further research is needed to investigate the mechanisms of
differences in cancer survival between countries, by comparing
distribution of stage at diagnosis and treatment, based on a
strictly controlled protocol, as implemented by some interna-
tional collaborative studies. %"

Conditional survival. We presented conditional survival using
up-to-date long-term survival, which was a relatively new
approach to demonstrate cancer survival figures for survivors.
Using this approach, we were able to provide more relevant
information than conventional survival figures. As shown in
the supporting information Doc S2 (example 1: stomach can-
cer), conditional 5-year survival of cancer of digestive organs
increased according to years survived and mostly reached
100%. This means that patients who have an unfavorable
status (stage) died shortly after diagnosis, and remaining
patients who survived more than 5 years have almost the same

© 2014 The Authors, Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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for childhood and adolescent and young adult (AYA) cancer patients followed-up in 2002-2006. ALL, acute lymphoblastic leukemia; CNS, central
nervous system; ML, malignant lymphoma; MM, multiple myeloma.
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probability as the general population. They could therefore be
considered as cured.

On the other hand, as we show in example 2 in the support-
ing information Doc S2, conditional 5-year survival of liver
cancer and multiple myeloma did not increase, even some
years post diagnosis. This type of figure indicates that a certain
number of cancer patients continue to dic during follow-up
years. Liver cancer patients have a high possibility of recur-
rence, or die from liver cirrhosis or liver failure related to the
hepatitis B or C virus. There is essentially no chance of cure
in patients with multiple myeloma so conditional survival
remains low even after 5 years from diagnosis.

Although breast cancer showed high survival, a small pro-
portion of survivors continue to die from the cancer, probably
due to a recurrence (example 3 in the supporting information
Doc S2). Similar figures were shown for prostate cancer. In
total, prostate cancer patients had a favorable prognosis as
most patients were diagnosed at an early stage by prostate-spe-
cific antigen testing. However, some patients who were diag-
nosed at an advanced stage received hormonal therapy and the
treatment was effective for a few years; some patients subse-
quently developed resistance to the treatment and died after
some years.

Limitation of the study. At the time this study was imple-
mented, there were a limited number of prefectural cancer
registries that could provide the data to estimate long-term
survival using the period approach. Timeliness of registration
and follow-up of patients still lagged behind North American
and northern European countries. In Japan, the Cancer Regis-
try Law was enacted in December 2013, with the aim of pro-
moting the effective use of cancer registry data for cancer
control. The law encourages improvement in the quality of
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population-based cancer registry data and provision of the
research results for practical use by cancer patients, their
families, oncologists, and public health workers. In addition,
as all prefectures established prefectural cancer registries in
2012, the quality of cancer registry will improve cousider-
ably. In the near future, we will be able to estimate more
up-to-date long-term cancer survival using data from many
more prefectures in Japan.

We reported 10-year cancer survival and conditional survival
using six prefectural population-based cancer registries in
Japan. It is important for cancer patients and clinicians to
report these relevant figures in succession using unbiased pop-
ulation-based data.
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Abstract: Chemical Exposure Levels in Printing
Workers with Cholangiocarcinoma: Kenichi Yamana,
et al. Occupational Health Research and Develop-
ment Center, Japan Industrial Safety and Health
Association—Objective: This study aimed to identify
chemicals used by printing workers with cholangiocar-
cinoma, as well as the levels of exposure to the chem-
icals. Methods: Information necessary to identify
chemicals used by printing workers with cholangiocar-
cinoma and to estimate chemical exposure concentra-
tions was obtained from the Ministry of Health, Labour
and Welfare, Japan. Working environment concentra-,
tions of the chemicals in the printing rooms were esti-
mated using a well-mixed model, and exposure concen-
trations during the ink removal operation were estimated
using a near-field and far-field model. Shift time-
weighted averages (TWA) of exposure concentrations
were also calculated. Results: Two workers from each
of three small printing plants examined suffered from
cholangiocarcinoma, and all six of these workers had
been exposed to 1,2-dichloropropane (1,2-DCP) for
10-16 years. The estimated working environment
concentrations of 1,2-DCP in the printing rooms were
17-180 ppm and estimated exposure concentrations
during the ink removal operation were 150-620 ppm.
Shift TWA values were estimated to be 62-240 ppm.
Four of the six workers had also been exposed to
dichloromethane (DCM) at estimated working environ-
ment concentrations of 0—98 ppm and estimated expo-
sure concentrations during the ink removal operation of
0-560 ppm. Shift TWA values were estimated to be
0-180 ppm. Other chlorinated organic solvents (1,1,1-
trichloroethane, 1,1-dichloro-1-fluoroethane) and petro-
leum solvents (gasoline, naphtha, mineral spirit, mineral
oil, kerosene) were also used in the ink removal opera-
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tion. Conclusions: All six printing workers with chol-
angiocarcinoma were exposed to very high levels of
1,2-DCP for a long term.

(J Occup Health 2014; 56: 332-338)

Key words: 1,2-dichloropropane, Cholangiocarcinoma,
Dichloromethane, Environment, Printer

In May 2012, five employees (including former
employees) of an offset proof-printing plant in Osaka,
Japan were reported to have suffered from intrahe-
patic or extrahepatic bile duct cancer cholangiocar-
cinoma’. Subsequently, other workers with cholan-
giocarcinoma were identified among employees of
the plant and the total number reached 17 by the end
of 2012%2. All workers were acknowledged to have
developed an occupational disease by the Ministry of
Health, Labour and Welfare (“the Ministry”). It is
suspected that cancer development was due to high-
level and long-term exposure to 1,2-dichloropropane
(1,2-DCP)**.

After this incident became widely known through
the mass mcdia, workers with cholangiocarcinoma
from other printing plants filed claims for workers’
compensation, with the total number of such workers
reaching 83 (including the above 17) as of February
2014%. With regard to these cases, there are four
small printing plants accounted for multiple cases of
cholangiocarcinoma (eight workers in total) in addi-
tion to the abovementioned Osaka plant. Six workers
from three of the four plants were already recognized
as having developed an occupational disease by the
Ministry®. The remaining two workers are currently
under review by the Ministry. The workers were in
their 30 s to 50 s when they were diagnosed. Given
the low prevalence of cholangiocarcinoma in these
age groups among the general population®?, the fact
that two workers were identified with this cancer in
each of the small plants strongly suggests that some
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occupational agents or factors were responsible for
cancer development in these workers. Consequently,
identification of the chemicals used during work and
estimation of levels of exposure to these chemicals are
important. However, the levels of exposure are not
directly measurable due to substitution of the chemi-
cals at the plants and closing or relocation of plants.
Accordingly, this study aimed to identify the chemi-
cals and estimate the levels of chemical exposure in
these workers using mathematical models.

Subjects and Methods

Subjects

The subjects were six printing workers employed
at Plants I (Miyagi), II (Fukuoka) and III (Hokkaido),
all of which were small-scale plants with fewer than
50 employees. All subjects had cholangiocarcinoma.
Subjects A and B were acknowledged by the Ministry
to have developed an occupational disease as of June
13, 2013. This was also thc case for Subjects C and
D as of October 1, 2013, Subject E as of August 1,
2013, and Subject F as of January 31, 2014.

Collection of information regarding working condi-
tions and chemicals used

To identify the chemicals used and estimate chemi-
cal exposure concentrations, the following informa-
tion was obtained from the Ministry: volume and
ventilation rate of the printing rooms, type of printing
machines operated by the subjects, components of
chemicals used to remove ink from the ink transcrip-
tion roll (blanket) and ink.roll, and duration of the ink
removal operation. Information on the usage amounts
for 1,2-DCP and dichloromethane (DCM) was also
obtained from the Ministry.

Estimation of working environment and exposure
concentrations

To estimate working environment concentrations of
1,2-DCP and DCM in the printing rooms, we used
the following formula derived for a steady state from
a well-mixed model® *:

1,000 G, _ 2447
En " Q X M ?

where C, is the working environment concentration
(ppm), G, is the generation rate of the chemical in
the entire printing room (g/h), O is the total ventila-
tion rate (m*h), and M is the molecular weight of the
chemical. Assuming that the entire amounts of 1,2-DCP
and DCM were vaporized, the GT value was calcu-
lated by dividing the daily amount of the chemical (g)
by the working hours (h).

To estimate exposure concentrations of 1,2-DCP
and DCM during the ink removal operation, we used

the following formula derived for a steady state from
a near-field and far-field model*®, where the near
field was assumed to be a sphere, and the radius (r
(m)) was determined based on the distance between
the generation source and the breathing zone of the
worker in the ink removal operation.

_ 1,000 G, . 1,000 G, o 24.47

Fx Q ﬂ M ’
where C. (ppm) is the exposure concentration during
the ink removal operation. G, (g/h) is the generation
rate of the chemical during the removal operation, and
its value was calculated by dividing the amount of
chemical (g) by the duration of the removal operation
(h). B (m?/h) is the air exchange rate between the near
field and far field, and its value was calculated using
the following formula, based on the assumption that
airflow passed through the surface of the near field at 0.1
m/sec:

B=0.1 x 3,600 x 27rr*

Because the windows of the printing room were
closed and air blown [rom the air conditioners did not
directly strike the near field, the airflow rate might
have been less than 0.1 m/sec. Accordingly, the
airflow rate of air passing through the surface of the
near field was assumed to be 0.1 m/sec.

Shift time-weighted averages (TWAs) of exposure
concentrations of 1,2-DCP and DCM were calculated
based on the assumption that the exposure concentra-
tions during tasks other than the ink removal opera-
tion were equal to the working environment concen-
trations in the printing room.

Results

Plant 1

Subject A was a male born in 1969 who had been
engaged in offset printing at Plant I from 1988 to
2011 and had been diagnosed with cholangiocarcino-
ma in 2011. Subject B was a male born in 1974 who
had been engaged in offset printing and relief printing
at Plant I from 1992 to 2011 and had been diagnosed
with cholangiocarcinoma in 2011. Neither of these
subjects had any other working history.

Table 1 shows basic information for estimating
exposure concentrations of 1,2-DCP and DCM. The
plant had two printing rooms. The volume and venti-
lation rate of Room 1 were 1,260 m* and 3,690 m/h,
respectively, and those of Room 2 were 570 m* and
1960 m?/h, respectively. Local exhaust ventilation was
not installed in the printing machines.

Removal of ink from the blanket was performed
using 1,1,1-trichloroethane (1,1,1-TCE) until 1994,
and 1,2-DCP and DCM were used thereafter. Mineral
spirit and naphtha were used to remove ink from the
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ink roll. The amounts used in the printing rooms
were 320-710 g/h for 1,2-DCP and less than 1 g/h
for DCM. The amounts used during the ink removal
operation were 630-1,800 g/h for [,2-DCP and less
than 4 g/h for DCM.

Considering the distance between the generation
source and the breathing zone of the subjects during
the ink removal operation, the radius of the near field
was determined to be 0.5 m for all machines, except
for the rotary relief printing machine. Given the larg-
er working space of the rotary relief printing machine,
the radius was determined to be 0.85 m.

Table 2 presents the estimated concentrations of
1,2-DCP and DCM. Working environment concentra-
tions in the printing room were estimated to be 35—
42 ppm for 1,2-DCP and less than 1 ppm for DCM.
Exposure concentrations during the ink removal opera-
tion were estimated to be 280—490 ppm for 1,2-DCP
and less than 3 ppm for DCM in Subject A and 310-
490 ppm for [,2-DCP and less than 3 ppm for DCM
in Subject B. The shift time-weighted averages (10-h
TWAS) of the exposure concentrations were estimated
to be 100-170 ppm for 1,2-DCP and less than 1 ppm
for DCM in Subject A and 80-120 ppm for 1,2-DCP
and less than 1 ppm for DCM in Subject B. These
subjects did not use any respiratory protection.

Plant 11

Subject C was a male born in 1950 who had been
engaged in offset proof printing at Plant II from
around 1970 to 1973 and then from 1975 to 1998 and
had been diagnosed with cholangiocarcinoma in 1998.
Subject D was a male born in 1965 who had been
engaged in offset proof printing at Plant II from 1992
to 2008 and had been diagnosed with cholangiocarci-
noma in 2008. Although both subjects had worked at
other companies, their work at those companies had
not involved the use of chemicals.

Table | shows basic information. Plant I had two
printing rooms. The volume and ventilation rate of
Room 3 were 170 m® and 3,020 or 1,790 m/h, respec-
tively, and those of Room 4 were 180 m* and 1,100
m¥h, respectively. Local exhaust ventilation was not
installed in the printing machines.

Gasoline was used to remove ink from the blanket
until 1985, and the cleaning solvents used thereafter
included 1,2-DCP (1986—2008), DCM (1986-1998),
1,1-dichloro-1-fluoroethane (DCFE) (1996-1999), and
mineral spirit (1993-1998). Kerosene and mineral
oil were used to remove ink from the ink roll. The
amounts used in the printing rooms were 230-580
g/h for 1,2-DCP and 0-310 g/h for DCM, while those
used during the ink removal operation were 330-1,200
g/h for 1,2-DCP and 0-830 g/h for DCM. The radius
of the near field was determined to be 0.5 m.

J Occup Health, Vol. 56, 2014

Table 2 presents the estimated concentrations of
1,2-DCP and DCM. The working environment
concentrations in the printing room were estimated
to be 17-92 ppm for 1,2-DCP and 0-50 ppm for
DCM. The exposure concentrations during the ink
removal operation were estimated to be 150-620 ppm
for 1,2-DCP and 110-560 ppm for DCM in Subject
C, and 170-420 ppm for 1,2-DCP and 0-340 ppm
for DCM in Subject D. The shift TWAs (9-h TWAs)
of the exposure concentrations were estimated to be
62—-170 ppm for 1,2-DCP and 29-150 ppm for DCM
in Subject C, and 75-200 ppm for 1,2-DCP and
0-150 ppm for DCM in Subject D. Subjects did not
use any respiratory protection.

Plant 1TT

Subject E was a male born in 1946 who had been
engaged in offset proof printing at Plant III from
1980 to 1995 and had been diagnosed with cholan-
giocarcinoma in 2003. Subject F was a male born in
1955 who had been engaged in offset proof printing
at Plant IIT from 1980 to 1995 and had been diag-
nosed with cholangiocarcinoma in 2013. Subject E
had worked at seven other printing plants. Of these,
five had used gasoline for the ink removal operation;
DCM (0.15 kg/day), iso-propyl alcohol, mineral spirit,
mineral oil, and polyoxyethylene nonylphenyl ether
had been used at another plant, and unspecified chem-
icals other than 1,2-DCP and DCM had been used at
the remaining plant; Subject F had worked at another
printing plant, that had not used 1,2-DCP or DCM.

Table 1 shows basic information. Plant III had
three printing rooms. The volume and ventilation rate
of Room 5 were 150 m* and 480 m%h, respectively,
those of Room 6 were 750 m? and 2,400 m*/h, respec-
tively, and those of Room 7 were 340 m* and 1,090 m%/
h, respectively. Local exhaust ventilation was not
installed in the printing machines.

Gasoline had been used to remove ink from the
blanket until 1984, and the cleaning solvents used
thereafter included 1,2-DCP and DCM (1985-
1995), 1,1,1-TCE (1985-1992), and mineral spirit
(1993-1995). Keroscne was used to remove ink from
the ink roll. The amounts used in the printing rooms
were 320-390 g/h for 1,2-DCP and 160-370 g/h for
DCM, while those used during the ink removal opera-
tion were 280-350 g/h for 1,2-DCP and 140-320 g/h
for DCM. The radius of the near-field was deter-
mined to be 0.5 m.

Table 2 presents the estimated concentrations of
1,2-DCP and DCM. The working environment
concentrations in the printing room were estimated
to be 35-180 ppm for 1,2-DCP and 20-98 ppm for
DCM. The exposure concentrations during the ink
removal operation were estimated to be 160-290 ppm
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Table 1. Basic information for estimating exposure concentration of 1,2-dichloropropane and dichloromethane

Printing room Ink removal operation Chemicals used for ink removal operation

Calendar year

Plant Worker of engagement Volume Ventilation Number of Amount of Amount of , B Amount of Amount of For removing
in printing 0. (m?) rate ventilation 1,2-DCP  DCM Printing machine (m) (m¥h) 1,2-DCP  DCM For removing from blanket  from ink roll
(m*/h) (b (g/h) (g/h) (g/h) (g/h)
1988-1994 NI NI — — — NI — — 1,I,1I-TCE
Rotary offset MS
1995-1998 630 3! 1,100 <4
— | 1260 3,690 29 05 570 1,2-DCP, DCM Naphtha
1999-2011 660-710 <1 Sheet-fed offset 630-900 <4
1992-1994 NI NI — — — NI _— — 1,1,1-TCE
I Rotary offset -
1995 1 1,260 3,690 29 630 <1 1,100 <4
05 570 MS
19962001 360 <1 Sheet-fed relief 900 <4 N
—_——— 1,2-DCP, DCM Naphtha
2002-2004 2 570 1,960 34 360 <1 Rotary relief  0.85 1,630 1,800 <4
20052011 320-360 <1 Rotary offset 0.5 570  630-700 <4
1970-1973 .
1975-1985 NI NI - — — NI — — Gasoline
1986-1990 3,020 17.8 230 270 330 400
| —_— 1,2-DCP, DCM
— 1990-1992 230 270 Flatbed offset 330 400 Kerosene
oyl (proof-printing) MO
i 1993 3 170 230 270 05 570 330 400
| _— 1.790 10.5 1,2-DCP, DCM, MS
1994-1995 240-270 280-310 560-720 670-830
I 19961998 280-480 56 720-1,200 170 1,2-DCP, DCM, DCFE, MS
1992 230 270 330 400 1,2-DCP, DCM
1993-1995 230-270 270-310 330-430 400-500 1,2-DCP, DCM, MS
1996-1998 3 170 1.790 105  280-480 56 Flatbedoffset . o0 430-730 100 1,2-DCP, DCM, DCFE, MS  Kerosene
1999 470 0 (proof-printing) 700 0 1,2-DCP, DCFE MO
2000-2004 470-580 0 700-830 0
1,2-DCP -
2005-2008 4 180 1,100 6.1 470 0 700 0
1980-1984 NI NI — — — NI — — Gasoline
1985-1987 5 150 480 32 390 160 350 140
i 1988-1991 6 750 2,400 32 390 160 Flatbed offset 350 140 1,2-DCP,DCM. 1.1I-TCE  Kerosene
(proof-printing) o5 570
1991-1992 390 160 350 140
—_— 7 340 1,090 32
1993-1995 320 370 280 320 1,2-DCP, DCM, MS

NI, no information; 7, radius of near field; /3, air exchange rate between the near field and far field=0.1x3,600x27r% 1,2-DCP, 1,2-dichloropropane; DCM, dichloromethane;
1,1,1-TCE, 1,1,1-trichloroethane; DCFE, 1,1-dichloro-1-fluoroethane; MS, mineral spirit, MO, mineral oil.
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Table 2. Estimated working environment concentrations of 1,2-dichloropropane and dichloromethane in printing rooms, exposure
concentrations during the ink removal operation and shift time-weighted averages (TWAs)

Printing room Ink removal operation Shift TWAs
Calendar year -
Plant Worker  of engagement 12DCP DCM .. . Dumion [2DCP DCM “ﬁ’;::gg 12-DCP  DCM
1 Rt TIinil
in printing (ppm)  (ppm) & (h) (ppm)  (ppm) i~ (ppm)  (ppm)
19881994 — — NI — — NI — —
Rotary offset -
A 1995~-1998 37 <1 15 490 <3 100 <1
] 10
1999-2011 39-42 <l Sheet-fed offset 3.5  280-400 <3 120170 <1
1992-1994 — — NI — — NI — —
I Rotary offset
1995 1 37 <l 1.5 490 <3 100 <l
B 1996-2001 40 <1 Sheet-fed relief 2 440 <3 120 <1
10
2002-2004 2 40 <1 Rotary reliel 1 440 <3 80 <1
20052011 35-40 <l Rotary olfset 25 310-350 <3 100-120 <1
1970-1973
1975-1985 - - NI - - NI - -
1986-1990 17 25 150 240 62 98
c 1990-1992 28 43 Flatbed offset 3 170 270 75 120
(proof-printing) _—
1993 3 28 43 170 270 9 75 120
1994-1995 30-32  45-50 280-360 450-560 80-99 130-150
18 — _
I 1996-1998 34-58 9 360-620 110 100-170 29
1992 28 43 170 270 75 120
1993-1995 28-32  43-50 170220 270340 75-94 120-150
5 1996-1998 3 34-58 9 Flatbed offset 220-370 67 . 95-160 28
1999 56 0 (proof-printing) 350 0 160 0
20002004 56-70 0 ' 350-420 0 160-190 0
2005-2008 4 92 0 410 0 200 0
19801984 — — NI — — NI — —
1985-1987 5 180 98 290 160 240 130
m B 1988-1991 6 35 20 Flatbed offsel 160 91 10 60
F (prool-printing) 65 ———— 115
1991-1992 78 43 200 110 150 82
7 e e —————
19931995 64 97 160 250 120 180

NI, no information; 1,2-DCP, I,2-dichloropropane; DCM, dichloromethane.

for 1,2-DCP and 91-250 ppm for DCM in Subjects E
and F. The shift TWAs (11.5-h TWAs) of the expo-
sure concentrations were estimated to be 110-240 ppm
for 1,2-DCP and 60-180 ppm for DCM in Subjects E
and F. They did not use any respiratory protection.

Discussion

The well-mixed model assumes that dilution air and
chemicals are quickly dispersed throughout a room
so that the same chemical concentration exists at all
points in the room®?. However, as chemical concen-

trations actually vary from point to point in the room,
this assumption is not realistic. Nevertheless, due to
a lack of information concerning concentration vari-
ability, we had no choice but to use this model to
estimate working environment concentrations. On the
other hand, the near-field and far-field model has two
zones such that different concentrations can be repre-
sented in the area surrounding the generation source
and a far away area®?. While the model’s assumption
that the chemical concentrations are the same at all
points in each of the areas is erroneous, the model is
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better at estimating the chemical exposure concentra-
tion for a worker near the generation source than the
well-mixed model. Consequently, we used the near-
field and far-field model to estimate chemical expo-
sure concentrations during the ink removal operation.
However, because the two models cannot completely
express the actual exposure situation, the values
reported by the present study should be interpreted as
crude estimates.

In the Osaka offset proof-printing plant mentioned
above, 17 workers suffered from cholangiocarci-
noma, with their ages at diagnosis ranging from 25
to 45 years. All of these workers had been exposed
to 1,2-DCP for 6-16 years®?. The Japan National
Institute of Occupational Safety and Health (JNIOSH)
conducted an experiment to reproduce the working
environment of the proof-printing room of the Osaka
plant and reported that the exposure concentration of
1,2-DCP was 60~210 ppm when 1,2-DCP was used at
1,000 g/h'®. Assuming that the exposure concentra-
tion was proportional to the amount of chemicals used
(1,700-3,200 g/h) and using JNIOSH data, Kumagai
et al. estimated the actual exposure concentrations to
be 100-670 ppm for the proof-printing®.

The current study found that two workers in each
of the three small printing plants suffered from chol-
angiocarcinoma, and all six had also been exposed to
1,2-DCP for 10-16 years. The estimated exposure
concentrations of 1,2-DCP during the ink removal
operation were 150-620 ppm, and the shift TWAs
were 62—-240 ppm, which were similar levels of expo-
sure to those at the Osaka printing plant. For Subject
C, Kumagai previously reported the estimated working
environment concentration of 1,2-DCP to be 36 ppm
using the well-mixed model'”, which is nearly equal
to the current estimated values (17-58 ppm, Table 2).
Assuming that the exposure concentration was twice
that of the working environment concentration,
Kumagai also reported an estimated exposure concen-
tration of 72 ppm!Y, which is within the range of the
current estimated values (62—170 ppm, Table 2).

The current study demonstrated that all six print-
ing workers with cholangiocarcinoma were exposed to
1,2-DCP at very high levels for a long term. Based
on the information obtained from the Ministry, the
workers had no chemicals in common that they had
been exposed to at high levels other than 1,2-DCP.
The 17 workers with cholangiocarcinoma in the Osaka
printing plant were also exposed to 1,2-DCP at very
high levels for a long term. These findings suggest
that high-level and long-term exposure to 1,2-DCP
can contribute to the development of cholangiocarci-
noma in humans.

Four of the six workers (Plants II and III) were also
exposed to high levels of DCM (Table 2), as were 11

of the 17 workers at the Osaka printing plant®. An
epidemiological study of workers exposed to DCM at
a cellulose fiber production plant found a significantly
increased mortality risk for biliary tract cancer!®.
These findings suggest that DCM might play a role in
development of cholangiocarcinoma. 1,1,1-TCE was
used at Plants I and II, and DCFE were used at Plant
II, but we could not assess whether these chemicals
contributed in any way to the development of cholan-
giocarcinoma. Petroleum solvents (gasoline, naphtha,
mineral spirit, mineral oil, kerosene) were also used
in the ink removal operation, but no reports have
suggested that exposure to these petroleum solvents
might cause cholangiocarcinoma.

Similar to the case of in the Osaka printing plant,
the printing method was offset proof printing at
Plants II and III. In offset proof printing, the levels
of chemical exposure can easily reach high levels,
given the high frequency of the ink removal operation
and large amounts of chemicals used. In contrast,
regular offset printing involves a lower frequency of
ink removal and a smaller amount of chemicals used.
Thus, in general, the levels of chemical exposure are
not considered to be high. However, the estimated
exposure concentration at Plant I was very high, due
to the fact that the amounts of 1,2-DCP used here
were comparable to those used at Plants II and III
(Table 1), despite the fact that regular offset print-
ing was being performed. Furthermore, Plant I also
conducted relief printing, and the estimated exposure
concentration was also very high. These findings
demonstrate that high exposure to 1,2-DCP can occur
not only in offset proof-printing workers, but also
in regular offset printing workers and relief printing
workers, if large amounts of 1,2-DCP are used in the
ink removal operation.

Conclusion

All six printing workers with cholangiocarcinoma
had long-term exposure to very high levels of 1,2-DCP.
This suggests that 1,2-DCP can contribute to the
development of cholangiocarcinoma in humans.
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Table 1.

HAHLSRREEHEE B111% $£35

AHBEES TR I THIALEDE

1,1,1-Trichloroethane
1.2-Dichloropropane
Dichloromethane
Dichloroflucroethane
2-Buthanol
2-Methylpentane
3-Methylpentane
N-Hexane
Cyclohexane
Isopropyl alcohol
Ethanol

Diethylene glycol monobutyl ether
Propylene glycol monomethyl ether
2-Methyl-2.4-pentanediol
3-Methyl-3-methoxybutanol

Solvent naphtha (coal)

Xylene

Kerosene

Mineral oil

Hydrocarbons

Aromatic hydrocarbons

Inks
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Figure 1.
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