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Purpose
To determine the prevalence of use of complementary and alternative medicine (CAM)

by patients with cancer in Japan, and to compare the characteristics of CAM users and
CAM nonusers.

Patients and Methods
A questionnaire on cancer CAM and the Hospital Anxiety and Depression Scale were delivered

to 6,607 patients who were treated in 16 cancer centers and 40 palliative care units.

Results
There were 3,461 available replies for a response rate of 52.4%. The prevalence of CAM use

was 44.6% (1,382 of 3,100} in cancer patients and 25.5% (92 of 361} in noncancer patients
with benign tumors. Mulitiple logistic regression analysis determined that history of chemo-
therapy, institute {palliative care units), higher education, an altered outiook on fife after
cancer diagnosis, primary cancer site, and younger age were strongly associated with CAM
use in cancer patients. Most of the CAM users with cancer (96.2%) used products such as
mushrooms, herbs, and shark cartilage. The motivation for most CAM use was recommen-
dation from family members or friends (77.7%) rather than personal choice (23.3%). Positive
effects were experienced by 24.3% of CAM users with cancer, although all of them received
conventional cancer therapy concurrently. Adverse reactions were reported by 5.3% of
cancer patients. CAM products were used without sufficient information by 57.3% of users
with cancer and without a consultation with a doctor by 60.7% of users.

Conclusion
This survey revealed a high prevalence of CAM use among cancer patients, without

sufficient information or consultation with their physicians. Oncologists should not ignore the
CAM products used by their patients because of a lack of proven efficacy and safety.

J Clin Oncol 23:2645-2654. @ 2006 by American Society of Clinical Oncology

and/or minerals) and nonmedication thera-
pies carried out primarily without the use of

The WHO defines complementary and al-
ternative medicine (CAM), or so-called
traditional medicine, as follows: “a compre-
hensive term used to refer both to tradi-
tional medical systems such as traditional
Chinese medicine, Indian ayurveda and Ar-
abic unani medicine, and to various forms of
indigenous medicine.” CAM therapies in-
clude medication therapies (which involve
the use of herbal medicine, animal parts,

medication (such as acupuncture or manual
therapy). Populations throughout Africa,
Asia, and Latin America use traditional
medicine to help meet their primary health
care needs. In addition to being accessible
and affordable, traditional medicine is also
often part of a wider belief system, and is
considered integral to everyday life and
well-being. In Europe and North America,
CAM is increasingly being used in parallel to
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allopathic medicine, particularly for treating and managing
chronic disease. Concerns about the adverse effects of chemi-
cal medicines, a desire for more personalized health care, and
greater public access to health information fuel the increasing
use of CAM in many industrialized countries.””

The widespread use of a variety of nutritional, psycholog-
ical, and natural medical approaches as CAM has been well
documented.>*® Recent surveys demonstrate that more than
50% of US cancer patients use CAM therapies at some point
after their diagnosis.”®’ Despite extensive use, there is a pau-
city of data available to indicate whether these practices are
efficacious and safe.’!* Therefore, serious research efforts are
underway to determine the scope of CAM use by patients and
their motivations for its use.’® CAM in cancer medicine
seems to be widely available in Japan as well as in the Western
countries. We performed a preliminary survey on cancer CAM
in a single cancer center in 1999. This survey revealed that 32%
of cancer patients used CAM, and the most frequently used
CAM involved natural products, such as mushrooms, shark
cartilage, and beeswax-pollen mixtures.’ The most pressing
and significant problems associated with these products were
commonly held but incorrect assumptions and the absence of
any regulatory oversight. In addition, interactions between
herbs and drugs may increase or decrease the pharmacologic
or toxicologic effects of either component. For example, St
John’s wort has recently been reported to dramatically reduce
plasma levels of SN-38 (the active metabolite of irinotecan, a
key oncologic drug), which may have a deleterious impact on
treatment outcome."?

An enormous amount of unreliable information on
cancer CAM is available from the Internet and other media
sources. It is often the case that cancer patients and their
relatives are at a loss about how to deal with such informa-
tion and have a difficult time choosing what kind of CAM
they should adopt. However, there have been no large-scale
surveys of this sort in Asia, and the actual state of CAM use
in cancer patients is still unclear. Therefore, we performed a
nationwide cross-sectional survey to evaluate the preva-
lence of CAM use in cancer patients and their perceptions of
cancer CAM, especially of CAM products used in Japan.

Participants

Before initiation of this survey, the study protocol was exam-
ined by the institutional review boards of cancer centers and
related hospitals (CCs) joining the nationwide association of med-
ical centers for cancer and adult diseases in Japan, and hospice and
palliative care units (PCUs) joining the Japanese association of
palliative care. Sixteen of 29 CCs and 40 of 88 PCUs approved the
survey. All participating institutions agreed not to treat patients
systematically with any CAM. The total number of questionnaires
that would be distributed to the patients was predicted by the
responsible physician working for each collaborating institute,
and this information was provided in advance to the National
Shikoku Cancer Center. Questionnaires on cancer CAM were then
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sent to the responsible collaborating physicians in the CCs and
PCUs from October 2001 to March 2002. The day on which the
questionnaires were distributed to the patients was determined
voluntarily by each institute within 2 weeks of receipt. Question-
naires were distributed to the patients by the medical staff (physi-
cians, nurses, clerks, and so on) at each collaborating institute after
exclusion of those with an Eastern Cooperative Oncology Group
performance status of 4 and those who underwent surgery that
day. Replies were sent back to the National Shikoku Cancer Center
directly from each patient. Questionnaires were marked in advance to
identify the type of clinic the patients were attending (ie, CCs or
PCUs, and inpatient or outpatient). Returned questionnaires were
coded with an identification number to ensure confidentiality.

Questionnaire

We had previously evaluated a questionnaire about cancer
CAM in 219 cancer patients who were admitted to the National
Shikoku Cancer Center as a preliminary study.'* In the present
study, we used a modified version of that questionnaire after
testing several samples. Some additional questions were quoted
from previously published articles.*® The original questionnaire
we used was written in Japanese. The attached questionnaire (Ap-
pendix) has been translated into English. The questionnaire was
developed through a systematic literature review and discussions
by two experienced medical oncologists, a psychiatrist, a pharma-
cist, a basic scientist, and a research assistant. On the cover page of
the questionnaire, CAM was clearly defined as follows: “any ther-
apy not included in the orthodox biomedical framework of care
for patients. CAM means remedies that are used without the
approval of the relevant government authorities, such as the Min-
istry of Health and Welfare in Japan, that approve new drugs after
peer review of preclinical experiments and clinical trials regulated
by law. CAM usually skips these steps and is offered directly to the
public. Health insurance does not usually cover the cost of CAM,
and patients will be liable for the whole expense incurred by any
CAM. CAM includes natural products from mushrooms, herbs,
green tea, shark cartilage, other special foods, megavitamins, acu-
puncture, aromatherapy, massage, meditation, and so on.”

The questionnaire was composed of the following two parts:
background of the patients (discase, onset, age, sex, daily living

- activity Jevel, educational level, religion, cancer treatment, changes

of outlook on life, satisfaction with receiving conventional medi-
cine, and use of cancer CAM; questions 1 to 12) and users’ percep-
tion of cancer CAM (initiation time, kinds of CAM used, reason
for starting CAM, method of obtaining information about the
CAM used, expectations for CAM use, effectiveness or ineffective-
ness, adverse effects, average expense per month, whether a history of
CAM use was provided to the physician in charge, whether the phy-
sician in charge was consulted, response of physician, reason for not
consulting physician, and concurrent use of anticancer drugs and
CAM products that are sold over the counter; questions 13 to 28).
Hospital Anxiety and Depression Scale

A brief scale, the Hospital Anxiety and Depression Scale
(I1ADS), was used in this study to clarify the relationship between
emotional state and CAM preference. The HADS has 14 items in
two question groups, one each on anxiety and depression, and
cach question is rated from 0 to 3. The validity and reliability of the
Japanese version of HADS have been confirmed previously.'***
From previous articles, including the original one and studies in
the Japanese population, we adopted 10 points as the cutoff above
which anxiety and depression would be scored as high.**™*® The
patients in the high group were considered to have an adjustment
disorder or more severe condition. The HADS was delivered to
patients along with the questionnaire on CAM.
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Statistical Analysis

Differences of CAM use within categories of selected demo-
graphic and clinical variables (age, sex, discase sites, daily living
activity level, patient’s desire, changes of outlook on life, institute,
education, and religion) were assessed by the x* test. The factors
predicting CAM use were analyzed by univariate analysis and then
multiple logistic regression analysis was performed using all sig-
nificant predictor variables (P < .03). The analysis provided an
odds ratio and 95% CI for each variable while simultaneously
controlling for the effects of other variables. Variables not contrib-
uting substantially to the model were systematically removed in a
backward stepwise regression process using the likelihood ratio
test as the criterion for removal. The Hosmer-Lemeshow x” test
was used to assess the goodness of fit between the observed and
predicted number of outcomes for the final model, with P > .05
indicating a good fit. All analyses were performed using SPSS Base
and Regression models 11.0] (SPSS Japan Inc, Tokyo, Japan)

Response Rate to Questionnaire and CAM
User Rates

A total of 6,607 questionnaires on cancer CAM were sent
to collaborating CCs and PCUs according to the required
number estimated by the primary investigators at those insti-
tutes. As a result, questionnaires were delivered to 6,074 pa-
tients who were treated in CCs {2,688 inpatients and 3,386
outpatients) and to 533 patients who were treated in PCUs
(367 inpatientsand 166 outpatients). A total of 3,733 question-
naires were returned to our center, of which 3,461 were valid

with useable answers. The remaining 272 returned question-
naires were invalid because of a critical lack of major answers,
such as unwritten diagnosis or no response to CAM use. Con-
sequently, the rate of valid replies was 52.4%. Of the valid
replies, 3,100 were from cancer patients and 361 were from
noncancer patients with benign tumors. The flow diagram of
the study population is indicated in Figure 1.

The prevalence of CAM use in cancer patients was 44.6%
(1,382 of 3,100) and that in noncancer patients was 25.5% (92
of 361). In terms of background differences, noncancer pa-
tients were younger, had less impaired daily activity, and were
much more likely to be in CCs than cancer patients. The rate of
use among cancer patients was significantly higher than that
for noncancer patients (P < .0001). All of the 3,100 replies
from cancer patients were subject to analysis, Many users
{86.7%) started CAM after their diagnosis of cancer and 73.3%
of users were continuing it at the time of the survey.

Backgrounds of Patients and CAM Users

The backgrounds of all the cancer patients and CAM users
with cancer are summarized in Table 1. The prevalence of
CAM wuse was significantly higher in patients who were
younger than 61 years old (P < .0001), female (P < .0001),
patients with a lower daily activity level (P < .0001), patients
with higher education (P < .0001), patients who received
chemotherapy (P << .0001), patients with a change of outlook
on life (P << .0001), patients who were dissatisfied with
conventional treatments (P = .0001), patients in PCUs
{P < .0001), and patients with a low HADS anxiety score

Questionnaires sent
6607
.| Not returned
2874
¥
Returned
3733
B Invalid answers o '
279 Fig 1. Flow diagram of the study populatior:.
v
Valid answers
3461
B Answers from non-cancer patients
361
\ 4
Answers from cancer patients
3100

lt"xi‘\&'.j(.'ﬂ. arg
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Table 1. Background and CAM Usage
Background No. of Patients No. of Users o P test)

Total 3,100 1382 44.6
Aga, years

= 80 1,603 625 39.0

= 60 1,485 752 506 << 0001
Bex

Male 1.484 2154 395

Forale 1,814 796 483 <0001
Activity of daily living

Free or somewhat limited 2,293 1.002 43.7

Bed rest (= 60% of each day) 726 348 47.8 << 0001
Etdueation

Figh sehool 1,72 ¥18 41,8

Post-high schoot 879 464 62.8 < 0001
Practicing religion

No 2,740 948 142

Yes 593 281 478 1660
Convertionsl teatment

Chemuotheapy 968 428

Nonchomothetapy 1,260 44 529 < Q00
Change in outlook on life

No 1,381 509 368.9

Yes 1,658 793 50.9 < .000%
Treatrment mel patient's nesds

o ‘ 53 488

You 762 41,7 a0t
Institute

Cancer centers 2,811 1,203 42.8

Palliative care units 283 179 61.9 <0001
Traatment plase

Inpatieat ward 1,665 FARS A3.%

Cleipatipst clivie 1,434 865 A6.4 (694
HADS

High anxisty score (= 1,918 852 44.5

Low anxiety score (<< 71 741 378 51.0 0028

High depression score (= 17) 1,018 510 50.0

Low depression scorg (<< 11) 1,652 734 444 00489
Qancer

Lirg 380 202 53.4

Breast B2 273 512

Hepatobiliary 256 129 504

Gunitourinary 445 185 439

Cagtimintsstival 708 278 383

Fead ond neck 266 82 308

Diher 813 227 433 20001
Abbraviations: CAM, complernantary and alternative medicine; BEADS, Hospital Anxiety and Depression Scale.

(P = .0029) and a high HADS depression score (P = .0049). In
terms of disease sites, the rate of use was higher in patients with
lung, breast, and hepatobiliary cancers than in those with other
cancers (P <.0001). The prevalence of CAM use in inpatient
wards of CCs and that in outpatient clinics of CCs was 40.6%
and 45.3%, respectively. The prevalence of CAM users in in-
patient wards of PCUs and that in outpatient clinics of PCUs
was 61.0% and 64.3%, respectively. The prevalence of CAM
use in PCUs was significantly higher than that in CCs in out-
patient clinics (P << .0001), as well as inpatient wards
{P < .0001). Similarly, the prevalence of CAM use in inpatient
wards was significantly higher than that in outpatient clinicsin
both CCs (P < .0001) and PCUs (P < .0001).

2648

Predictors of Cancer CAM Use

Multivariate logistic regression analysis was performed
to detect the factors predictive of CAM use, using the vari-
ables with a significantly different rate among users. The
institutional review board of one CC did not permit the
questions about education and religion, and 500 question-
naires in which those two questions were deleted were sent
to that center. As the result, the rate of reply on education
and religion was apparently low. Given that the anxiety and
depression scores of HADS could not be calculated if one of
each of seven questions was not answered, the number of
available replies was also decreased relative to the other
questions. For these reasons we performed two analyses of

JUUENAL OF CLINICAL ONCOLOGY
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the relevant variables separating the two patient popula-
tions: analysis | included the significant variables other than
education and HADS, and analysis 2 included all significant
variables as shown in Table 2. Patients who received chemo-
therapy; patients in PCUs; patients whose outlook on life
had changed; patients with lung, breast, or hepatobiliary
cancer; patients younger than 61 years old; and female
patients were more likely to use CAM in both sets of analy-
sis. In analysis 2, higher education was determined as a
potent predictive factor, and dissatisfaction with conven-
tional treatments was a weak predictive factor.

Types of CAM

The types of CAM used are listed in Table 3. The
majority of CAM users (96.2%) relied on CAM products as
opposed to nonmedical therapies. The most frequently
used CAM product was mushrooms (Agaricus 60.6% and
active hexose correlated compound [AHCC] 8.4%). Agari-
cus is extracted from a particular type of mushroom, Agar-
icus blazei Murill. 1t is purported to be an interferon
inducer. AHCC is thought to act as an immunomodulator.
Other CAM products were propolis (28.8%), Chinese herbs
(7.1%), chitosan (7.1%), and shark cartilage (6.7%).
Propolis is a beeswax-pollen mixture. Chitosan is an extract
from crustaceans, such as crabs and lobsters. These are
claimed to be enhancers of the immune system. Shark car-
tilage is known to be an inhibitor of tumor angiogenesis."”
Chinese herbs (easily bought over the counter, but not
prescribed by physicians) were used by 7.1% of patients.
The rate of use of traditional Chinese medicine (gigong,
moxibustion, and acupuncture) was less than 4%.

Perceptions and Attitudes Toward CAM

As shown in Table 3, 77.7% of the patients started using
CAM on recommendation from family members or friends.
Only 23.3% of the patients decided to use CAM on the basis of
their own will. Patients expected the following effects from
CAM: suppression of tumor growth (67.1%), cure (44.5%),

symptom relief (27.1%), and complementary effects to con-
ventional therapy (20.7%). In terms of the effectiveness of
CAM, 24.3% of the patients experienced positive effects, such
as tumor shrinkage, inhibition of tumor growth, pain relief,
fewer adverse effects from anticancer drugs, and feeling better.
However, at the same time, all of the patients were treated with
conventional therapies such as surgery, chemotherapy, hor-
monal therapy, and/or radiation. The effects were not related
to the use of any specific CAM product. Almost two thirds of
the patients did not know if the CAM really worked or not.
Conversely, only 5.3% of the patients experienced adverse
effects, such as nausea, diarrhea, constipation, skin eruption,
and liver dysfunction. No adverse effects were experienced by
62.2% of the patients. Patients who were uncertain about ad-
verse effects comprised 32.6% of respondents.

More than half of the patients (57.3%) started CAM
without obtaining enough information on it. Most of the
patients (84.5%) had not been asked about CAM use by
their physician or other health professionals. Nearly two
thirds of the patients (60.7%) have never consulted their
physicians on CAM use. When the patients consulted their
physicians, 60.3% of the patients were told that they were
free to use it or not. Patients who were told to continue
using CAM and those who were told to cease use com-
prised 10.5% (8.5% in CCs and 19.5% in PCUs) and
11.3% (12.2% in CCs and 7.3% in PCUs) of CAM users,
respectively. The main reason (56.1%) given for why they
were not willing to ask their physicians about CAM was
that their physicians did not ask about CAM use. The
prevalence of patients who thought the physicians would
not understand CAM and who thought they would pro-
hibit CAM use was 19.4% and 8.7%, respectively.

The prevalence of concurrent use of anticancer drugs
and CAM products was 61.8% in CAM users. The average
monthly expenditure for CAM was 57,000 yen (approxi-
mately US $500; range, 0 to 1200,000 yen).

Table 2 Analysis of CAM Use With Multivariate Logistic Regression
Analysgis 1 Anralysis 2
n = 2810 n = 2,020t
Variable (reference} Odds Ratie 95% Ci P Odds Ratio 96% Ci P
Used chamatherapy (v did o 208 TR 2A8 <« Q001 2.24 18810273 < B0
2en at a palliative care unit {v a cancer center) 2.29 1.73103.03 <0001 2.22 1.59103.10 «2.0001%
Expenienesd 8 change i outlook on life (v did pot} 147 120t 173 « 08 140 T 1,70 Qoo
Lung, breast, hepatobiliary cancer {v other cancers) 1.47 126t01.73 << 0001 1.34 1.10t0 1.62 0031
= B0 years of age iy I 60 yeary) 138 1 iR T 64 < 0001 132 08 to 1.67 0083
Symptornatic {v asymptomatic) 1,16 0.98t01.36 074 1.23 1.07101.49 0373
Divt net mest patlert’s needy (v mel thers) 1t T 031 1 A2 {1224 1.22 00w 1.498 047
Fomale (v male) Y 0.9810 1.40 a764 116 0.94t01.43 174
More educated iy less sdunated) e - 137195 < OO
Low HADS score for anxiaty {v high score} - 0.90101.38 3227
High HADS soore for duprossins fv fow score) 08416328 Y
Abbraviation: HADS, Hospital Anxiety and Depression Scale,
*Analysis T was performed with all variables except for education and HADS because there were fewer resporses for thesa variables.
1Aralysis 2 was performed with all variables listed.
www.jco.org 2649
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Table 3. Types of CAM Used and Perceptions and Attitudes of
1,382 CAM Users
Characteristic %
Type of CAM usudt
CAM products {0hins b, pushrooms, 8.2
shark cartilage, vilaming, and so on)
Qigongt 38
Moxibustion 37
Actpuncie 38
Mative for starting CAM
Recommendation from family or friends 77.7
Wikl of patients themselves 233
Expestations for CAM use*
Suppress Lanser growth a7
Cure 4.4
Syrnplom selief 273
Complementary effects 16 convaptionsl therapy 207
Paositive effects
Yes 24.3
No 6.2
Uncloar 69.5
Adverse vffects
Yos 53
No 62.2
Unglear 326
Obtained enough information on CAM
Yes a2
No 67.3
Hoard about GAM use from health professionals
Yes 15.6
Ne 84.5
Consulted with doctors about CAM use
Yes 39.3
No 60.7
NOTE. Unanswered rates were less than 10% in all categories.
*Questions in which multiple selections of answers were aliowad.
tComponent of traditioral Chinese medicine that combines movement,
meditation, and regulation of breathing to erhance the flow of vital energy
{gi) in the body to improve circulation and enhance immune functior:.

The surveyed cancer population in this study used comple-
mentary but not alternative therapies because they were
simultaneously treated in conventional medical facilities.
However, we could not completely rule out the possibility
that they had previously used alternative medicine. There-
fore, we used the term CAM in this study.

Although we received more than 3,000 replies, the re-
sponse rate (52.4%) was a little lower than in previous
studies.>*®1® This may have introduced bias into our
study. However, the patients’ privacy was completely pre-
served and our survey method was the easiest way for the
patients to reply to the questionnaire without feeling any
pressure. We believe that our survey is helpful for assessing
regional research priorities and for comparing the current
status of CAM use in studies using a similar mailed-
questionnaire method in other countries.

The prevalence of CAM use in cancer patients was signif-
icantly higher than that in noncancer patients. Most of the
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noncancer patients in this study had benign tumors and at-
tended the cancer centers. Therefore, the noncancer patientsin
our study represent neither the general healthy population nor
patients with benign chronic disease. Indeed, the rate of CAM
use in the general population of people suffering from disease
in our country was reported to be higher than that of our
noncancer patients.”® The prevalence of CAM use in cancer
patients was 44.6%. This rate was slightly higher than that
found in our previous study (32%) of a single cancer center
survey.'? The prevalence appears to increase each year in our
country, as in the Western countries.” CAM user rates were
sighificantly higher in patients undergoing chemotherapy and
in patients in PCUs, and these associations were confirmed by
multivariate analysis. Chemotherapy is usually delivered to
inoperable, advanced, or metastatic cancers with a palliative
intent but not a curative intent. In PCUs, there were no con-
ventional treatments with tumor shrinkage as the expected
outcome. Patients’ relatives or friends often recommended
that the patient use CAM productsin that situation. In general,
medical professionals in PCUs are rather generous in accept-
ing the use of CAM. The percentage of patients whose CAM
use had been recommended was approximately two-fold
higher in PCUs (19.5%) compared with that in CCs (8.5%).
These are probably the primary reasons for the high rate of
CAM use in patients undergoing chemotherapy and in PCUs.
The multivariate analysis also revealed a close association be-
tween CAM use and high educational status, changes in out-
look on life, primary cancer site, and younger age. The patients’
perception of received conventional treatments and female sex
were marginal predictors in our study. Predictors of CAM use
have been reported in many previous studies,”®*” and our data
support that these predictors are similar to those in developed
countries. With few exceptions, the literature indicates that highly
educated patients and younger patients tend to use CAM.

Different predictors are associated with the different types
of CAM used. In our surveyed population, the most frequently
used CAM was natural products. Oral intake of medications is
more likely in patients with lung, breast, and hepatobiliary
cancers than in patients with head and neck, GI, and urogenital
cancers, taking the sites of disease and the manners of progres-
sion into consideration. This is likely to be closely related to the
use of CAM products because all of these are oral supplements.
The predictors chemotherapy and disease site would therefore
be related to the type of CAM used (ie, CAM products). In-
deed, this hypothesis was suggested in a previous report in
which predictors shifted 1o include chemotherapy after spiri-
tuality and psychotherapy or support groups were excluded
from the types of CAM used.” Supplements (herbs or vita-
mins) were the main types of CAM used by the patients of that
limited analysis. Unexpectedly, psychological factors such as
anxiety and depression showed no relation to the use of CAM.
However, these factors frequently fluctuate during the disease
course, as we observed in the process of informed consent.” If
the HADS had been administered when the patients initiated
CAM use, the results would likely be different.

JouaNaL oF Cuvical ONCoLoaGY
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The majority of CAM users in this study took products
such as mushrooms, herbs, and shark cartilage. Mushrooms
(Agaricus and AHCC) were the most frequently used among
the products. This was characteristic of our CAM users. The
popular types of CAM in Western countries, such as spiritual
practice, mind and body therapy, vitamins and special diet,
and homeopathy, were rarely used in our country. Such mush-
rooms are sold in Japan as diet supplements. The providers
emphasize their effects on boosting the immune system based
on basic experimental findings using cultured human tumor
cells, and advertise in many magazines or through the Internet
with anecdotal reports of users. No reliable, well-designed
clinical trials in cancer patients have been performed with
these mushrooms. Nonetheless, many cancer patients used
such products hoping for tumor growth suppression (67.1%)
and cure (44.5%) rather than complementary effects (20.7%).
These mushrooms and other similar natural products are gen-
erally expensive. This contributed to the high expenditure on
CAM among our users (US $500 per month on average),
compared with that in the Western countries (US $50 to $70
per month on average).® The main motive for CAM use was
the recommendation of family members or friends. The pop-
ulation of patients who were willing to seek out CAM on their
own was unexpectedly small, about one fourth of the users. It
has been reported that support group dynamics influence in-
dividuals to be more likely to use CAM among breast cancer
survivors.® In our study, many patients seemed to be moti-
vated to use CAM by the recommendations of relatives.
Friends also offered recommendations orn CAM use.

Approximately one fourth of the users experienced posi-
tive effects from CAM, even though they all received conven-
tional therapies previously or concurrently. Although it was
unclear whether the positive effects were due to the CAM
products or the conventional treatments, they nonetheless be-
lieved that the CAM was effective. In retrospect, we should
have added a question to our questionnaire about the effective-
ness of the conventional treatments received. Conversely, most
patients reported no adverse reactions to CAM. However, the
potential for harmful drug-CAM product interactions
exists.?*** Herbs or vitamins can mask or distort the effects of
conventional drugs.

This survey revealed that approximately 60% of users
started CAM without obtaining enough information about it,
and without informing their doctors. This proportion was
similar to that in our previous survey.'* The same issues have
been pointed out in many reports from the United States and
Europe.”?*® In our survey, when patients consulted their
physicians, 60.3% of the patients were told that they were free
to continue using CAM or to stop, whereas 10.5% of the
patients were told to continue using CAM and 11.3% of
the patients were told to stop. These figures were also similar to
the results in our previous study of clinical oncologists.2®
When oncologists were asked, 74% of them neither recom-
mended nor prohibited the use of the products. Twelve per-
cent of them encouraged their patients to use CAM products,

www.joo.erg

and 6% told their patients to stop. It appears that a difficult
situation for many oncologists emerges because of the lack of
scientific information on CAM. However, physicians should
acknowledge that the main reason (56.1%) patients did not
inform their physicians of their CAM use was that the physi-
cians did not ask them about it. These results indicate that
better patient-physician communication and more reliable in-
formation on CAM products are needed. The prevalence of
concurrent use of anticancer drugs and CAM products was
considerably high (61.8%) in the present study. In our previ-
ous survey of oncologists, 83.9% of oncologists had adminis-
tered anticancer drugs concurrently with CAM products.'?
Nevertheless, our present knowledge of interactions is incom-
plete, especially regarding anticancer drugs.»** More research
is urgently needed. Oncologists should be aware of these facts,
and the use of CAM products should be determined before
initiating chemotherapy, especially when using new investiga-
tional drugs.

A few limitations of this study must be acknowledged.
First, the response rate was somewhat low compared with that
of other studies, although it was greater than 50%, as discussed
previously. Second, there is no definite evidence that our study
population is representative of cancer patients in Japan. It
seems impossible to select cancer patients randomly from
throughout the entire country. We used the associations of
CCs and PCUs in Japan as our survey source. Otherwise, such
alarge-scale survey could not be performed. These limitations
have also been reported in the previous literature,”® and un-
fortunately, inconsistencies in measures of CAM and differing
patient populations and methodologies (ie, interviews v
mailed surveys) limit the generalization of studies on CAM
use.>* Third, two questions were deleted from the question-
naire sent to one of the CCs. As a result, about 500 replies on
education and religion were lacking. However, the analyses
with or without the data from that center achieved similar
results. Therefore, this did not significantly affect our conclusions.

Many cancer patients continue receiving oncologic
care with standard therapies while pursuing CAM methods.
A recent survey regarding the impact of the media and the
Internet on cancer patients revealed that 71% of cancer
patients actively searched for information, and 50% used
the Internet.”” The survey concluded that strategic efforts
were needed to provide guidance for patients to help them
better interpret such medical information. Oncologists
need to be aware of the importance of this issue and of the
rationale used to promote CAM. A great need for publicand
professional education regarding this subject is evident.
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Appendix

Hyodo et al

1. What is your disease?

2. When was your disease diagnosed?
Year month
3. How old are you?
Years old
4. Please indicate your sex.
Male/Female
5. What about your present daily activity? Please tick the number below.
1) not fimited at all, 2) somewhat limited with slight symptoms
3) bed rest more than 50% of the day, 4) bed rest all day
6. Please indicate your level of education.
1) junior high school, 2) high school, 3) college, 4) university, 5) other ( )
7. Are you committed to any religion?
Yes / No
8. Please indicate all treatments that you have received.
1) surgery, 2) chemotherapy, 3) hormonal therapy, 4) radiation, 5) palliative care
6) others ( )
9. Please indicate all treatments that you are currently recsiving or will receive.

1) surgery, 2) chemotherapy, 3) hormonal therapy, 4) radiation, 5) palliative care

6) others ( )
10. Has your outlook on fife been changed by suffering from this disease?
Yes / No (if yes, how? }

11. Did (Do) the freatments you received meet your needs?

Yes / No
12. Have you ever used complementary and alternative medicines (CAM)?
(*CAM includes various therapies as follows: Chinese herbal medicine, other CAM products such as Agaricus,
Propolis, Chitosan, and shark cartilage, acupunciure, chiropractic, aromatherapy, homeopathy, imagery, yoga,
thalassotherapy, hypnosis, etc.)

Yes / No
if ‘yes', please continue to answer the questions below.

If ‘no’, the questions are finished here. Thank you very much for your cooperation.

13. When did you start CAM?
Year month
14. Are you using CAM now?
Yes / No (if no, when did youstop? Year  month )}

15, What kind of CAM do (did) you use?
(continued on fcllowing page}
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Appendix (continued)

Please state all the names of cancer CAM you use (used), referring ta cancer CAM noles™.

16. Why did you start CAM? Please tick the number below.
1) recommended by family members or friends, 2) your own free will,
3) recommended from a physician, 4) other ( )
17. Did you obtain enough information about the efficacy and safety of CAM before you started it?
Yes / No
18. What did {do) you expect by using CAM? Multiple choices are allowed in this question.
1) cure, 2) suppress the progression, 3) improve the symptoms, 4) complementary effects to the present
medicine, 5) other ( )
19. Did it work?
Yes / No / difficult to judge

20. i ‘yes’, how effective was it?

21. Did you experience any detrimental effects from CAM?
Yes / No / difficult to judge

22. if ‘yes’, how detrimental was it?

23. What was the cost to you? Please indicate the mean expenditure per month.
Yen
24, Did your doctor or other medical professionals ask about CAM use?
Yes / No
25, Have you mentioned CAM use fo your doctor?
Yes / No
26. lf ‘yes’, how did your doctor respond?
1) encouraged you {0 continue using, 2) advised you fo stop using,
3} was neutral about using (neither encouraged nor discouraged),
4} other ( )
27. If 'no’, why did you not mention it to your doctor?
1) Because my doctor never asked me about the topic, 2) Because | thought my doctor would not
understand, 3) Because | thought my doctor would disapprove of CAM use, 4) other ( )
28. Please answer the next question, if you have received or are receiving chemotherapy.
Have you ever used CAM products and anticancer drugs at the same time? CAM products include Chinese
herbs, mushrooms, shark cariflage, etc. which are sold over the counter.

Yes / No

Thank you very much for your cooperation.

WWW,Joo.org
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Quality Control in Lung Cancer Screening in Japan

Tomio Nakayamal; Yoko Kusunokil; Takaichiro Suzuki!

ABSTRACT —— The number of people screened for lung cancer has been increasing and now exceeds 7000000 per
year in Japan, but the number of detected lung cancer is only about 3600 cases (detection rate; 0.051%) and has not
been increasing. When detection rates were compared according to prefectures, in the detection rate varied by a factor
of as much of 6.2 as large. In some municipalities, the rate of compliance and completion of diagnostic work-up fell be-
low 30%. None of the lung cancer cases had been detected in the past two years in 6.3% of municipalities with 5000 or
more screened people. Lung cancer screening has spread rapidly, though there is no framework for external quality con-
trol in Japan. Therefore, only the number of screening participants and the cost of screening are managed, the level of
accuracy of the screening is not controlled in each municipalities offering the screening program. Thus screening par-
ticipants are not offered a uniformly accurate of screening program. It is necessary to innovate guidelines including a
quality control index, and to disclose information of the screening result by a central coordinative organization. (JJLC.
2005;45:183-187)

KEY WORDS — Quality control, Lung cancer, Screening
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Table 1. Quality Control Index of Lung Cancer Screening by a Screening System

Total Hospital-based Population-based
Positive rate 2.7% 3.2% 2.6%
The rate of compliance of diagnostic work-up 87.0% 81.9% 88.5%
The rate of completion of diagnostic work-up 76.4% 61.5% 80.7%

Detection rates * 48.0 51.6 47.2

*; per 100000 population.
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1998 1989 2000 2001 2002

Figure 1. Changes in the numbers of participants in lung

cancer screening and detected lung cancer.
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Figure 2. The number of screening participants and detected lung cancer by gender and age group.
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Figure 3. Detection rate of lung cancer by prefectures.

3. TIRTHBUSEET LHHTA DAL, 10% & TH ST S O30 eiss

Mk X SO BRI 05% 2 TH S H S\ L, 20% FAE L7z, FEMSE T E1Z 30% % T 5 R4 4% 60 w5 T
% |5 WA 25PEE T 6.4% 776 L 72 (Table 2). 1§k MU S Doz EROFHZSZEHE 1000~5000 AR
2REIIBBEH180% % EE - Twiz2s, 30% & TH & 5000 AL EIZA T CHd % &, 5000 ARG Tid

Japanese Journal of Lung Cancer—Vol 45, No 2, Apr 20, 2005—www haigan.gr.jp 185



Quality Control in Lung Cancer Screening-—Nakayama et al

Table 2. Quality Control Index of Lung Cancer Screening by Municipalities

00 o geleofcomplace o o0 e et complion of ®
0- 04 173 5.7 0- 99 7 0.2 0- 99 27 0.9
0.5- 0.9 219 7.2 10.0-29.9 7 0.2 10.0-29.9 34 1.1
1.0- 4.9 2201 72.3 30.0-49.9 38 1.3 30.049.9 115 3.8
5.0- 9.9 369 12.1 50.0-79.9 534 17.8 50.0-79.9 1026 34.2
10.0-19.9 60 2.0 80.0-99.9 1767 58.9 80.0-99.9 1541 51.3
20.0- 20 0.7 100.0 648 21.6 100.0 258 8.6

Table 3. Detection Rate of Lung Cancer Cases by the Nurmber of Participants of Lung

Cancer Screening in Each Municipalities

Detection rate * Participants (1000-4999) (%) Participants (5000-) (%)
0 392 25.3 18 6.3
1.0-29.9 214 13.8 78 27.2
30.0-49.9 353 22.8 77 26.8
50.0-69.9 167 10.8 57 19.9
70.0-99.9 216 13.9 41 14.3

100- 207 13.3 16 5.6

*. per 100000 population.

Table 4. The Rate of Sputum Cytology Screening
Participants in Chest X-ray Screening Participants
in Each Municipalities

Male (%) Female (%)

0- 49 680 22.4 2669 88.2
5.0- 9.9 684 22.6 140 4.6
10.0-14.9 553 18.3 65 2.1
15.0-29.9 798 26.4 45 15
30.0-49.9 191 6.3 34 1.1
50.0-99.9 106 3.5 61 2.0
100- 13 0.4 11 0.4
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for Hepatocellular Carcinoma
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Purpose
To evaluate the safety and efficacy of proton beam radiotherapy (PRT) for hepatocellu-

lar carcinoma.

Patients and Methods
Eligibility criteria for this study were: solitary hepatoceliular carcinoma (HCC); no indication

for surgery or local ablation therapy; no ascites; age = 20 years; Zubrod performance status
of 0 to 2; no serious comorbidities other than liver cirrhosis; written informed consent. PRT
was administered in doses of 76 cobalt gray equivalent in 20 fractions for 5 weeks. No
patients received transarterial chemoembolization or local ablation in combination with PRT.

Results
Thirty patients were enrolled between May 1999 and February 2003. There were 20 male

and 10 female patients, with @ median age of 70 years. Maximum tumor diameter ranged
from 25 to 82 mm (median, 456 mm). All patients had liver cirrhosis, the degree of which was
Child-Pugh class A in 20, and class B in 10 patients. Acute reactions of PRT were well
tolerated, and PRT was completed as planned in all patients. Four patients died of hepatic
insufficiency without tumor recurrence at 6 to 9 months. Three of these four patients had
pretreatment indocyanine green retention rate at 15 minutes of more than 50%. After a
median follow-up period of 31 months (16 to 54 months), only one patient experienced
recurrence of the primary tumor, and 2-year actuarial local progression-free rate was 96%
(95% Ci, 88% to 100%). Actuarial overall survival rate at 2 years was 66% {48% to 84%).

Conclusion
PRT showed excellent control of the primary tumor, with minimal acute toxicity. Further

study is warranted to scrutinize adequate patient selection in order to maximize survival
benefit of this promising modality.
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cutaneous local ablation,””® respectively, for
an adequately selected population of pa-

Cirrhosis is found in more than 80% of pa-

tients with hepatocellular carcinoma
(HCC). This precludes more than 70% of
the patients from receiving potentially cura-
tive treatments, and also contributes even-
tually to fatal hepatic insufficiency and
multifocal tumorigenesis.” Approximate-
ly 50% to 70% and 30% to 50% of 5-year
overall survival was achieved with surgery
including liver transplantation®® and per-

tients. However, no standard strategy has
been established for patients with unresect-
able HCC at present.

Partial liver irradiation for HCC using
50 to 70 Gy of megavoltage x-ray with or
without transarterial chemoembolizaztion
(TACE) for 5 to 7 weeks has been widely
applied during the last two decades. This
resulted in response rates of 33% to 67%,
with a median survival period of 13 to 19
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months and 10% to 25% overall survival at 3 years.'*"'?

Since 1985, proton radiotherapy (PRT) administered at a
median dose of 72 cobalt gray equivalent (Gyg) inl6 frac-
tions during 3 weeks with or without TACE, had been
applied in more than 160 patients with HCC at the Univer-
sity of Tsukuba, resulting in a more than 80% local
progression-free survival rate with 45% and 25% overall
survival at 3 and 5 years, respectively.’>'* The excellent
depth-dose profile of the proton beam enabled us to em-
bark on an aggressive dose escalation while keeping a cer-
tain volume of the noncancerous portion of the liver free
from receiving any dose of irradiation. This single-
institutional, single-arm, prospective study was conducted
to confirm encouraging retrospective results of PRT for
HCC using our newly installed proton therapy equipment.

Patient Population

Patients were required to have uni- or bidimensionally mea-
surable solitary HCC of = 10 c¢m in maximum diameter on
computed tomography (CT) and/or magnetic resonance (MRI)
imaging. In addition, the following eligibility criteria were re-
quired: no history of radiotherapy for the abdominal area; no
previous treatment for HCC within 4 weeks of inclusion; no
evidence of extrahepatic spread of HCC; age = 20 years; Zubrod
performance status (PS) of 0 to 2; WBC count = 2,000/mm?>;
hemoglobin level = 7.5 g/dL; platelet count = 25,000/mm?>; and
adequate hepatic function (total bilirubin = 3.0 mg/dL; AST and
ALT < 5.0X upper limit of normal; no ascites). Patients who had
multicentric HCCs were not considered as candidates for this
study, except for those with the following two conditions:
(1) multinodular aggregating HCC that could be encompassed by
single clinical target volume; (2) lesions other than targeted tumor
that were judged as controlled with prior surgery and/or local
ablation therapy. Because a planned total dose would result in a
significant likelihood of serious bowel complications, patients
who had tumors abutting or invading the stomach or intestinal
loop were excluded. The protocol was approved by our institu-
tional ethics committee, and written informed consent was ob-
tained from all patients.

Pretreatment Evaluation

All patients underwent indocyanine green clearance test, and
the retention rate at 15 minutes (ICG R15) was measured for the
purpose of quantitative assessment of hepatic functional reserve.
CBC, biochemical profile including total protein, albumin, total
cholesterol, electrolytes, kidney and liver function tests, and sero-
logical testing for hepatitis B surface antigen and antihepatitis C
antibody were done. C-reactive protein and tumor markers in-
cluding alpha feto-protein and carcinoembryonic antigen were
also measured. Chest x-ray was required to exclude lung metasta-
sis. All patients were judged as unresectable by expert hepatobili-
ary surgeons in our institution, based on their serum bilirubin
level, ICG R15, and expected volume of resected liver.'” Gastroin-
testinal endoscopy was done to exclude active ulcer and/or inflam-
matory disease located at the stomach and the duodenum. All
patients underwent abdominal ultrasonography, triphasic CT or
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MRI, CT during arteriography and arterial portography.'® Diag-
nosis of HCC was based on radiographic findings on triphasic
CT/MRI. Radiologic criteria for HCC definition were as follows:
tumor showing high attenuation during hepatic arterial and portal
venous phase indicating hypervascular tumor; tumor showing low
attenuation during delayed phase indicating rapid wash-out of
contrast media. Confirmatory percutaneous fine-needle biopsies
were required for all patients unless they had radiologically com-
patible, postsurgical recurrent HCC. Tumnors that broadly abut on
the vena cava, portal vein, or hepatic vein that were associated with
caliber changes and/or filling defects of these vessels, were tenta-
tively defined as positive for macroscopic vascular invasion. One
patient had visible tumor on fluoroscopy because of residual iodized
oil contrast medium used in previous TACE. For the other 29 pa-
tients, one or two metallic markers (inactive Au grain of which the
diameter and length were 1.1 mm and 3.0 mm, respectively) were
inserted percutaneously at the periphery of the target tumor.

Treatment Planning

PRT was performed with the Proton Therapy System (Sumi-
tomo Heavy Industries Ltd, Tokyo, Japan), and treatment plan-
ning, with the PT-PLAN/NDOSE System (Sumitomo Heavy
Industries Ltd). In this system, the proton beam was generated
with Cyclotron C235 with an energy of 235 MV at the exit. Gross
tumor volume (GTV) was defined using a treatment planning CT
scan using X Vision Real CT scanner (Toshiba Co Ltd, Tokyo, Japan),
and clinical target volume (CTV) and planning target volume (PTV)
were defined as follows: CTV = GTV + 5mm, and PTV = CTV + 3
mm of lateral, craniocaudal, and anteroposterior margins. Proton
beam was delivered with two-beam arrangement to minimize irradi-
ated volume of noncancerous liver using our rotating gantry system.
The beam energy and spread-out Bragg peak'® were fine-tuned so
that 90% isodose volume of prescribed dose encompassed PTV. To
evaluate the risk of radiation-inducing hepatic insufficiency, dose-
volume histogram (DVH) was calculated for all patients. 7

Scanning of CT images for both treatment planning and
irradiation of proton beam were done during the exhalation phase
using a Respiration-Gated Irradiation System (ReGIS). Our ReGIS
during this study period was composed in the following manner:
strain gauge, which converts tension of the abdominal wall into
electrical respiratory signal, was put on the abdominal skin of the
patient; gating signal triggering CT scanning or proton beam was
generated during the exhalation phase.

Treatment

The fractionation and dosage in this study were based on the
results of a retrospective study at the University of Tsukuba. A
total dose ranging from 50 Gyg in 10 fractions to 87.5 Gy in 30
fractions (median, 72 Gyg in16 fractions) was administered with-
out serious acute and late adverse events. All patients received PRT
to a total dose of 76 Gy, for 5 weeks in 3.8-Gyg once-daily frac-
tions, four fractions in a week using 150 to 190 MV proton beam.
Relative biologic effectiveness of our proton beam was defined as
1.1. No concomitant treatment (eg, TACE, local ablation, systemic
chemotherapy) was allowed during and after the PRT, unless a
treatment failure was detected. Verification of patient set-up was
done in each fraction using a digital radiography subtraction sys-
tern. In this system, fluoroscopic images obtained at daily set-up
were subtracted by the original image that was taken at the time of
treatment planning. Position of the patient couch was adjusted to
overlap the diaphragm, inserted metallic markers, and bone land-
marks on the original position at the end of the exhalation phase.
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PRT was administered 4 days a week, mainly Monday to Thursday,
and Friday was reserved for maintenance of the PRT system. Pre-
defined adverse reaction of PRT was dermatitis, pneumonitis, hepatic
insufficiency, and gastrointestinal ulcer and/or bleeding. If one of
these reactions of grade 3 or higher, or unexpected reactions of grade
4 or higher were observed in three patients, farther accrual of patients
was defined to be stopped. No further PRT was allowed when grade 4
hematologic toxicity or any of the toxicities of grade 3 or higher were
observed at the digestive tract or lung. PRT was delayed up to 2 weeks
until recovery when an acute nonhematologic toxicity of grade 3 or
higher, other than that described above, was observed. However,
when only an elevation of liver enzymes was observed without man-
ifestation of clinically significant signs and symptoms, PRT was al-
lowed to be continued according to the physician’s judgment.

Outcomes

It has been reported that the tumor, although achieving a
complete response, persisted over a long period, ranging from 3
weeks to 12+ months after the completion of PRT.!® Therefore, a
local progression-free survival rate at 4 weeks after the end of PRT
was adopted as the primary end point of this study, where an event
was defined as progression of the primary tumor with size increase
of more than 25%, in order to facilitate an interim analysis as
described in the Statistical Design section below. Assessment of
primary tumor response using CT and/or MRI was performed 4
weeks after the completion of PRT. Overall survival and disease-
free survival rates were also evaluated as secondary end points.
Death of any cause was defined as an event in calculation of overall
survival, whereas tumor recurrences at any sites or patient deaths
were defined as events for disease-free survival. Adverse events
were reviewed weekly during the PRT by means of physical exam-
ination, CBC, liver function test, and the other biochemical profiles as
indicated. The severity of adverse events was assessed using the Na-
tional Cancer Institute Common Toxicity Criteria (NCI-CTC) ver-
sion 2.0. After completion of PRT, reviews monitoring disease status,
inchuding CT and/or MRI examinations and long-term toxicity were
done at a minimum frequency of once every 3 months.

Statistical Design

The null hypothesis of a true local progression-free rate of
50% or lower was based on average results of photon radiotherapy
reported from Japan, in which each study accumulated approxi-
mately 20 patients.'”'* This was tested against the alternative
hypothesis of a true rate of 80% or higher with an a level of 5% and
a power of 80%, which required 30 patients according to the
method by Makuch and Simon.'® If fewer than five patients expe-
rienced local progression-free status within 4 weeks postirradia-
tion at the end of first nine enrollments, the trial would be stopped.
Otherwise, if more than 24 patients remained locally progression-
free among the total of 30 patients, this would be sufficient to reject
the null hypothesis and conclude that PRT warrants further study.
Time-to-event analyses were done using Kaplan-Meier estimates,
and 95% Cls were calculated. The difference of time-to-event
curve was evaluated with the log-rank test. Multivariate analyses
were performed with Cox’s proportional hazards model.

Patients

Thirty patients were enrolled between May 1999 and
February 2003. Patient characteristics at the start of PRT are
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Table 1. Characteristics of 30 Enrolled Patients

Patients
Characteristic No. %

Age, years

Median 70

Range 4887
Sex

Male 20 67

Female 10 33
ECOG porformance status

01 29 g7

2 3 3
Clinical stage (2)

| 9 30

1 19 63

i 2 7
Positive viral: markers .

Hepatitis B virus 3 10

Hepatitis € virus 26 87

Both 1 3
Child-Pugh classification

A 20 67

B 10 33

C 0 0
Pretroatrnent indocysnine green

clearance at 16 minutes, %

218 0 0

1540 21 7]

4050 5 17

bt 4 13
Tumor size, mm

Median 45

Range 25-82

20-50 19* 63

> 50 " 37
Macroscopic vascular invasion
“Yes 12 40

Ne 18 B0
Morphology of primary tumor

Single nodular 26 87

Multinodular, aggregating 1 3

Diffuse 2 7

Portal vein tumor thrombosis 1 3
Serum alphafetoprotein level, ngfinl.

< 300 21 FH}

22800 g 30
Histology

Well-differentiated 10 33

Moderately differentiated 141 47

Poorly differentiated 2 7

Differentiation not specified 3 10

Negative (radiologic diagnosis only) 1 3
Prior-treatrment

Ne 13 43

Racurrence & 20

Locat ablation/TAGE 11 37

Abbreviations: ECOG, Eastern Cooperative Oncology Group; TACE,

transarterial chemoembolization.

*Includes one patient whose gross target volume was tumor thrombosis at
the posterior branch of right portal vein as a result of postsurgical recurrence.
tincludes two patients with histological diagnoses that were defined in

previous surgery.
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listed in Table 1. All patients had underlying liver cirrhosis
with an initial ICG R15 value of = 15%. Thirteen patients
received PRT as a first treatment for their HCC. Six patients
had postsurgical recurrences, and 11 received unsuccessful
local ablation and/or TACE to the targeted tumor before
PRT. Histologic confirmation was not obtained in one pa-
tient who had tumor with typical radiographic features
compatible with HCC. Vascular invasion was diagnosed as
positive in 12 patients. Three patients had HCCof < 3 cmin
diameter; however, they were not considered as candidates
for local ablation therapy because of tumor locations that
were in close proximity to the great vessels or the lung.

Adverse Events

All patients completed the treatment plan and received
76 Gyg in 20 fractions of PRT with a median duration of 35
days (range, 30 to 64 days). Prolongation of overall ireat-
ment time of more than 1 week occurred in four patients:
three were due to availability of the proton beam, and one
because of fever associated with grade 3 elevation of total
bilirubin that spontaneously resolved within 1 week. Ad-
verse events within 90 days from commencement of PRT
are listed in Table 2. Decrease of blood cell count was
observed most frequently. A total of 10 patients experienced
transient grade 3 leukopenia and/or thrombocytopenia
without infection or bleeding necessitating treatment. Of
note, eight of them already had leuko- and/or thrombocy-
topenia, which could be ascribable to portal hypertension,
before commencement of PRT corresponding to grade 2 in
terms of the NCI-CTC criteria. Because none of the five
patients experiencing grade 3 elevation of transaminases
showed clinical manifestation of hepatic insufficiency and
maintained good performance status, PRT was not discon-
tinued. Nevertheless, these events spontaneously resolved
within 1 to 2 weeks.

Development of hepatic insufficiency within 6 months
after completion of PRT was defined as proton-inducing
hepatic insufficiency (PHI), and this was observed in eight
patients. Causal relationship between PHI and several fac-
tors are described separately below. One patient developed
transient skin erosion at 4 months that spontaneously re-
solved within 2 months. Another patient developed painful
subcutaneous fibrosis at 6 months that required nonsteroi-

Table 2. Adverse Events Within 90 Days From the Start of Proton
Beam Radiotherapy

Grade 0 1 2 3 4
Leukoperia 7 4 13 8 O
Thrombocytopenia 2 6 15 7 0
Total bitirabin 0 2 7 1 0
Transaminases 4 8 13 5 0
Nauseafanarexis 23 7 4] 0 s}
Overall {maximum grade} 0 4 14 12 [¢]
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dal analgesics for approximately 12 months thereafter. Both
of these skin changes developed at the area receiving = 90%
of the prescribed dose because the targeted tumors were
located at the surface of the liver adjacent to the skin.
However, they remained free from refractory ulcer, bleed-
ing, or rib fracture.

There were no observations made of gastrointestinal or
pulmonary toxicity of grade 2 or greater in all patients. In
addition, after percutaneous insertion of metallic markers,
no serious adverse events, including bleeding or tumor
seeding along the needle tracts, were observed.

Tumor Control and Survival

At the time of analysis on November 2003, 12 patients
had already died because of intrahepatic recurrence of HCC
in seven, distant metastasis in two, and hepatic insufficiency
without recurrence in three. Eleven of these 12 patients had
been free from local progression until death; the durations
ranged from 6 to 41 months (median, 8 months). One
patient who had a single nodular tumor of 4.2 ¢cm in diam-
eter experienced local recurrence at 5 months and subse-
quently died of multifocal intrahepatic HCC recurrence.
Otherwise, 18 patients were alive at 16 to 54 months (me-
dian, 31 months) without local progression. A total of 24
patients achieved complete disappearance of the primary
tumor at 5 to 20 months (median, 8 months) post-PRT.
Five had residual tumor mass on CT and MRI images for 3
to 35 months (median, 12 months) until the time of death
(n = 4) or until last follow-up at 16 months (n = 1). Asa
whole, 29 of 30 enrolled patients were free from local pro-
gression until death or last follow-up, and the local
progression-free rate at 2 years was 96% (95% CI, 88% to
100%). Tumor regression was associated with gradual
atrophy of the surrounding noncancerous portion of the
liver that initially suffered from radiation hepatitis,*® as
shown in Figure 1.

A total of 18 patients developed intrahepatic tumor
recurrences that were outside of the PTV at 3 to 35 months
(median, 18 months) post-PRT. Five of these occurred
within the same segment of the primary tumor. Eight pa-
tients received TACE, and four received radiofrequency
ablation for recurrent tumors; however, six did not receive
any further treatment because of poor general condition in
three and refusal in three. Five died without intrahepatic
recurrence. Seven patients remained recurrence-free at 16
to 39 months (median, 35 months). Actuarial overall sur-
vival rates were 77% (95% ClI, 61% to 92%), 66% (95% CI,
48% to 84%), and 62% (95% CI, 44% to 80%), and disease-
free survival rates were 60% (95% CI, 42% to 78%), 38%
(95% CI, 20% to 56%), and 16% (95% CI, 1% to 31%) at 1,
2, and 3 years, respectively (Fig 2).

Correlation of Survival With Prognostic Factors
Overall survival was evaluated according to 10 factors
as listed in Table 3. Univariate analyses revealed that factors
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Mar 2, 2001, AFP 11335.5 ng/ml

Feb 3, 2003
Z

’ . : -
AFP 231.9 AFP 56.7 AFP 18. AFP 15.‘0

Fig 1. Case presentation: 70-year-old woman who received proton radio-
therapy of 76 Gy in 20 fractions for 37 days from Agril 2, 2001, for her tumor
located at the right posterior segment of the liver {left upper panel). Dose

distribution was demonstrated in the right upper panel. Two portals from .

posterior and right lateral directions were used.

related to functional reserve of the liver and tumor size had
significant influences on overall survival (P < .05). Liver
function was the only independent and significant prognos-
tic factor by multivariate analysis, as presented in Table 3.
When clinical stage or Child-Pugh classification was substi-
tuted for ICG R15 as a covariate for liver function, the
results of multivariate analyses were unchanged (data not
shown). Overall survival according to pretreatment ICG
R15 is shown in Figure 3.

Estimation of the Risk of Proton-inducing
Hepatic Insufficiency by Dose-Volume
Histogram Analysis

Eight patients developed PHI and presented with as-
cites and/or asterixis at 1 to 4 months after completion of
PRT, without elevation of serum bilirubin and transami-
nases in the range of more than 3X the upper limit of
normal. Of these, four died without evidence of intrahe-
patic tumor recurrence at 6 to 9 months; three died with

100
90
80
70

Local Progression Free

50
40
30
20 -

Percentage
3

Overal! Survival

Disease-Free Survival

30 36 42 54 60
Months

] 6 12 18 24 48

Fig 2. Kaplan-Meier estimate of local progression-free, overall, and
disease-free survival rates for ail 30 patients enrolled.
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recurrences of HCC at 4, 8, and 22 months; and one was
alive at 41 months without tumor recurrence. DVH for
hepatic noncancerous portions (entire liver volume minus
gross tumor volume) was drawn according to pretreatment
ICG R15 values (Fig 4A to C). The results showed that alt of
the nine patients with ICG R15 less than 20% were free from
PHI and alive at 14 to 54 months. Three of the four patients
with pretreatment ICG R15 = 50% experienced fatal PHI
without evidence of HCC recurrence, and another patient
died of PHI with intrahepatic and systemic dissemination of
HCC at 4 months. Among patients whose ICG R15 values
ranged from 20% to 50%, all of the four patients whose
percentage of hepatic noncancerous portions receiving
= 30 Gyg (V%) exceeded 25% developed PHI. On the
other hand, none of the patients whose V;,% was less than
25% experienced PHI, as shown in Figure 4B (P = .044,
Mann-Whitney U test). Three-year overall survival for pa-
tients with either the V4% = 25% or ICG R15 = 50%
(n =9) was 22% (95% CI, 0% to 50% ), whereas it was 79%
(95% CI, 60% to 98%) for the remaining 21 patients with
favorable risk (P = .001).

The principal advantage of PRT lies in its possibility of
aggressive dose escalation without prolongation of treat-
ment duration in order to improve local control rate. The
liver will be the most appropriate organ for this approach
because it has a unique characteristic of developing com-
pensatory hypertrophy when a part of this organ suffers
from permanent damage. This study showed that the local
control rate of PRT alone for patients with advanced HCC
was consistent, as previously reported.'* Slow regression of
tumor volumes associated with gradual atrophy of sur-
rounding noncancerous liver tissue was also in agreement
with a previous report.?’ No serious gastrointestinal toxic-
ity occurred, with careful patient selection performed in
order to exclude these structures from PTV receiving high
PRT dose. Eligibility criteria as to blood cell count in this
study were eased up considerably in order to test the safety
of PRT for patients with cirrhosis associated with portal
hypertension. Nevertheless, no patients experienced serious
sequelae relating to leukopenia or thrombocytopenia,
which were the most frequently observed adverse events
during PRT. All patients were able to complete their PRT
basically in an outpatient clinic. Therefore we submit that
the safety, accuracy, and efficacy of PRT administering 76
Gyy/5 weeks using our newly installed Proton Therapy Sys-
tem and ReGIS for selected patients with advanced HCC
has been confirmed.

Multivariate analysis suggested that the the functional
reserve of the liver had significant influence on overall sur-
vival. Recent prospective series of untreated patients with



