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Abstract

Purpose: This study was designed to clarify the association between pain and quality of life (QOL) of Japanese patients with
cancer using a cancer-specific QOL scale (European Organization for Research and Treatment of Cancer [EORTC] QLQ-CI5-
PAL) in 3 care settings {outpatient, inpatient, and palliative care units [PCUs]). Methods: We examined the above-mentioned
purpose for the total of 404 patients. Results: In physical, | functioning (EF), and global health status/QOL
(QL item) were significantly correlated with average pain, and their correlation coefficients were ~0.37 to —0.46 (P < .0001).
In inpatients, they were —0.33 (P = .006), —0.26 (P = .030), and —0.31 (P = .012). In the PCU patients, they were —0.12 (P = .316),
—0.30 (P = .009), and ~0.28 (P = .015). Conclusion: Patients’ pain had an association with physical and emotional QOL, and the
association was smaller in the PCU patients than the others.

Keywords
quality of life, palliative care, quality of health care, pain intensity, pain score, patients with cancer

In addition, several studies did not use a specific QOL scale
for patients with cancer. Therefore, these studies may not have
evaluated the QOL of patients with cancer appropriately.

The aims of this study were (1) to clarify the association
between pain and QOL of Japanese patients with cancer using a

Introduction

Palliative care is an approach for improving the quality of life
(QOL) of patients and their families facing problems associated
with life-threatening illnesses. It has been reported that 33% of
patients afier curative treatment, 59% of patients under antic-
ancer treatment, and 64% of patients characterized as advanced/
metastatic/terminal disease have pain.” When patients are in

pain, they are not able to enjoy everyday life, think about their
future, or have control over their activities. Also, previous stud-
ies have revealed that pain in patients with cancer is a burden on
patients’ QOL and the relationship with their family,>*

The relationship between pain and QOL in patients with
cancer has been investigated from various perspectives, such
as the experience of patients with metastatic cancer, particular
type of cancer (eg, breast cancer, pancreatic cancer, multiple

! Department of Clinical Nursing. Research Field in Medicine and Health Sci-
ences, Medical and Dental Sciences Area, Kagoshima University, Kagoshima.
Japan

2Department of Palliative Nursing, Health Sciences, Tohoku University
Graduate School of Medicine, Miyag, Japan

*Department of Psycho-Oncology and Pallistive Medicine Osaka Medical
Center for Cancer and Cardiovascular Diseases, Osaka, Japan

*Department of Psycho-Oncology, Saitama Medical University International
Medical Center, Saitama, Japan

$Department of Palliative Care, Japanese Red Cross Medical Center, Tokyo,

myeloma, and cervical cancer), hospice care setting, compari-  japan
son of QOL between those with controlled and uncontrolled )
pain, and several pain relief interventions.>'” However, all ~Corresponding Author:

Fukiko Mikan, RN, MA, Department of Clinical Nursing. Research Field in
Medicine and Health Sciences, Medical and Dental Sciences Area, Kagoshima
University, 8-35-1 Sakuragzoka, Kagoshima 890-8544, fapan.

Email: fukimikan@outlook ip

of these studies had limitations. The primary limitation was
that data were collected from only one type of setting (eg,
cancer center, university hospital, hospice care center, efc).
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cancer-specific QOL scale and (2) to clarify the association
between pain and QOL of Japanese patients with cancer in 3
care settings, that is, an outpatient oncology service, inpatient
oncology ward, and inpatient palliative care units (PCUs).

Methods

Participants

We recruited patients with cancer in the following 3 settings:
(1) oncology outpatient clinic, (2) oncology inpatient ward in
Saitama Medical University, International Medical Center, and
(3) 7 inpatient PCU in Japan.

Saitama Medical University, International Medical Center,
is one of the designated cancer centers in Japan, with a pallia-
tive care team. In addition, it has been designated as a training
educational facility. The overview of the hospital is as fol-
lows—the total number of beds: 700 beds and cancer inpatient
number: 3161 peoplefyear (2013).'

And also, admission criteria of PCUs in Japan are different
for each facility. However, the conditions for receiving hospice
palliative care are shown in the following by Hospice Palliative
Care Japan.'®

1. Inpatients suffering such as malignant tumors and AIDS,
it is directed to patients in need of hospice palliative care.

2. The patient and the family or either of them want to
receive hospice palliative care,

3. At the time of providing information of hospice pallia-
tive care, it is desirable that the patient has an under-
standing of the disease name and the medical condition.
If the patient does not understand them, the physician
properly needs to explain about them in accordance
with the patient’s need.

4. Patients will not be differentiated by the social, eco-
nomic, and religious reasons.

The tional was adminis-
tered to recruited patients. The inclusion criteria were (1)
patient with cancer who was being treated in an inpatient ward
or outpatient clinic and (2) patient aged 20 years or older. The
exclusion criteria were as follows: (1) patient was not informed
of the diagnosis of malignancy, (2) patient would have had
serious psychological distress as 1 by the primary
physician, (3) patient was incapable of filling out a self-
reported questionnaire due to cognitive dysfunction or inability
to read Japanese, and (4) refusal to participate. Using medical
records, we identified patients with cancer who met the criteria
and consecutively recruited patients to participate in this study.

Procedure

This survey was performed from August 2007 to March 2008.
The survey procedures were as follows: Trained research assis-
tants explained the aims and methods of this survey to potential

ici and distri i ires to ici for
completion by hand afier they agreed to participate. The ethical

Downloaded om a3y o

and scientific validity of this study was approved by the Institu-
tional Review Boards of the University of Tokyo and all parti-
cipating institutions. This study was conducted in accordance
with ethical guidelines for epidemiological research issued by
the Ministry of Education, Culture, Sports, Science and Tech-
nology and the Ministry of Health, Labor and Welfare of Japan,

Measurements

Participant characteristics. We asked patients about gender, age,
marital status, working status, treatment status, and self-
reported Eastern Cooperative Oncology Group (ECOG) perfor-
mance status. We also collected data about medical history and
treatment details using the medical record.

Quality of life. We used a Japanese version of the European
Organization for Research and Treatment of Cancer QLQ-
C15-PAL (EORTC QLQ-C15-PAL?). This is a validated,
15-item questionnaire measuring QOL of patients with cancer
in palliative care. These items were directly extracted from the
EORTC QLQ-C30,2"?* a 30-item questionnaire measuring
QOL of patients with cancer, to develop 2 shortened version
of the questionnaire suitable for patients in palliative care. The
EORTC QLQ-C15-PAL has both multi-item scales and single-
item measures. It includes 2 functional scales, that i is, physical

ing (PF2; walking ition, living ion, and
independence of activity of daily livmg) and emotional func-
tioning (EF; tense and depressed); 2 symptom scales, that is,
fatigue (FA; weak and tired) and pain (PA; presence of pain and
interference with daily activity by pain); a global health status/
QOL scale (QL item scale; general life condition until 1 week
before); and 5 single items, that is nausea and vomiting (NV),
dyspnea (DY), insomnia (SL), loss of appetite (AP), and con-
stipation (CO). There are 7 responses to the QL item scale
ranging from “excellent” to “very poor.” There are 4
responses to the other questions ranging from “‘very much”
o “not at all.”

Pain in patients with cancer (after this, it is abbreviated as “pain”}. In
this study, we defined pain as all of “pain caused by cancer
itself, cancer treatment, and without cancer.” This is because it
is difficult for the patient to identify the cause of the pain in the
questionnaire survey.

Brief Pain Inventory (BPI) is a brief pain assessment tool to
evaluate cancer pain, which was developed by Cleeland and
Ryan.?® Brief Pain Inventory J (BPI-J) is a Japanese version of
the BPI, which was developed by Uki and others.®* From the
BPI-J items, we chose 4 items: “worst pain,” “least pain,”
“average pain,” and “interference with general activity”
within the previous 24 hours. Each item used a numerical rating
scale with 11 options from 0: “no pain (does not interfere)” to
10: “pain as bad as you can imagine (completely interferes).”

Analysis

For analysis, we divided the 11 response options of the BPI-J
into 4 groups according to the degree of the pain (0, no pain or
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Table I. Characteristics of Participants.

Total Outpatients Inpatients Palliative Care Unit
(N = 404) (N = 257) N=71) Patients (N =76)  F P

Age (mean + SD), years 613 + 118 60.1 + 111 585 + (1.8 67.8 + 122
Gender: male 49% (n=194) 45%(n=114) 6l%(n=43)  49% (n=137)
Inmate: have 9% (n=361) B9%(n=223) 94% (n = 66) 82% (n = 62)
Marital status

Never married 5% (n = 20) 4% (n = 9)

Married 79% (n=312)  83% (n = 208)

Divorced 6% (n = 24) 6% (n = 14)

Widowed 10% (n = 38) 8% (n=19)
Work status

Employed 26% (n = 100)  29% (n = 72)

Retired 15% (n=59)  13% {n = 33)

Not employed 59% (n=1233) 57%(n= I4l) 46% (n = 32)
Primary site

Stomach or esophagus 19%(n=72) 16%(n=40)  38% (n =26)

Liver, gallbladder, or pancreas 8% (n = 28) &% (n = 16)

Lung 6% (n = 21) 2% (n = 6)

Breast 25% (n=91)  32%(n=79) 1% (n = 6)

Urinary tract Wn=6  04%(=1) 6% (n=3)

Colon or rectum 2%% (=95  32%(n=179) 11% (n = 6)

Others 16% (=58 U%{(h=27) 29%(n=20) 20% (n = 11)
Months since diagnosis (mean + SD) 329 + 346 350 + 348 204 £ 320 360 + 358
Recurrence or metastasis

Have 84% (n=311) 78% (n=208) 78%(n="54)  92% (n=49)

Nothing 1% (=59 2%(=40) 22%(=15) 8% (n=4)
Current treatment

Surgery 7% (n=232) B4%(n=176) 69%(n=52) 9% (n = 4)

Radiation 4% (n=12) 1% (n=13) 7% (n 9% (n = 4)

Opioid 6% (=85 I5%(h=31) 24%(n=18) 82% (n = 36)
Past treatment.

Surgery 32% (n=266)  36% (n=181) 30% (n = 45)

Chemotherapy 42% (n=296) 41% (n = 203) 36% (n = 53)

Radiation 20% (n=150)  17% (n = 87) 2)  28% (n=41)

Others 5% (n = 38) 6% (n = 28) 0% (n = 0) 7% (n = 10)
Performance status (Eastern Cooperative Oncology Group)*

Mean + SD 118 + 1.07 084 + 077 118 + 1.08

0 26% (n=101)  33% (n = 80)

1 47% (n=183)  56% (n = 136)

2 13% (n = 51 7% (n = 18)

3 8% (n = 32) % (=9 2% (n = 16)

4 S%(n=19) 08%(n=2) 19% (n = 14)
Physical functioning (PF2} 710 + 2860 80.05 & 1.58 * 45 + 2.90 57.79 <.0001
Emotional functioning (EF) 7244 + 2132 7497 1 133 66.92 + 2.54 69.04 + 245 513 006
Fatigue (FA) 426 + 2573 3609 + 1.50 4634 + 297 61.79 + 278 3397 <.0001
Nausea and vomiting (NV) 1097 & 19.56 851 + 1.21 12,57 + 2.32 1779 £ 223 7.00 .001
Pain (PA) 2682 + 2684 2073 % 1.61 2947 & 3.04 4459 & 294 25.81 <0001
Dyspnea (DY) 1843 £ 2320 1462 + 142 2048 + 270 2933 + 260 12.66  <.0001
Insomnia (SL) 26.23 4 25.50 224 £ 157 29.05 + 2.98 364 + 286 974 <0001
Appetite oss (AP) 2705 + 3015 1924 £ 1.78 38.16 341 4298 1 3.25 2690 <.0001
Constipation (CO) 29.56 1 29.55  24.02 + 1L.79 34.80 & 346 4342 + 328 1488 <0001
Global health status/quality of life ("QL item”) 62,09 & 25.96  67.48 + 1.59 5441 & 3.03 5133 & 289 15.86 <0001

Abbreviation: SD, standard deviation.
*Score = 0 indicates thar participant had no symptoms, 2nd score = 4 indicates that participant required assistance with all activities of daily fiving.

each end point of EORTC QLQ-C15-PAL was based on the
scoring rule of this scale. A high score for a functional scale

does not interfere; 1-3, mild pain or mild interference; 4-6,
moderate pain or moderate interference; and 7-10, severe pain

or severe interference). We did this in order to compare the a high/healthy level of a high score for
difference by the degree of pain or interference with general QL item represents a high QOL, but a high score for symptom
activity. In addition, the conversion (0-100) of the score of  scales rep = high level of
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Table 2. Pain Level According to the BPL

o 1-3 4-6 7-10

Score® Mean & SD % (n) % (n) % (n) % (n)
Total (N = 404)

Average pain 173 + 194 45% (n = 174)

Worst pain 221 + 254 39% (n = 151}

Least pain 112 % 158 45% (n = 173)

Interference with general activity 1.82 i 2.60 32% (n = 122)
Outpatients {n = 257)

Average pain 139 £ 1.78 45% (n = 109)

Worst pain L7 £ 247 41% (n = 100)

Least pain 090 + 146 39% (n = 95)

Interference with general activity 136 + 225 27% (n = 66)
Inpatients (n = 71)

Average pain 201 £ 1.97 45% (n = 31)

Worst pain 249 269 39% (n = 27)

Least pain 103 £ 1.52 ) 57% (n = 38)

Interference with general activity 204 £ 255 38% (n = 26) 43% (n = 29)
Palliative care units patients (n = 76)

Average pain 260 + 211 19% (n = 14) 45% (n = 34)

Worst pain 363 & 297 19% (n = 14) 32% (n = 24)

Least pain 164 + 1.85 33% (n = 25) 53% (n = 40) 5% (n = 6) 4)

Interference with general activity 340 % 321 28% (n = 21) 36% (n = 27) 18% (n = 13) 18% (n = 13)
Abbreviations: 8P1, Brief Pain Inventory: SD, standard deviation.

*BPI score ranges from 0 {no pain) to 10 {worst in th i it in is the level of

Ave i
piin tha wis he grentest i the previous 24 hours. Less pah 3 he evel that wasthe jowest i the previous 24 hours.

First, we described the distribution of BPI-J in total and in
3 clinical settings (outpatient, inpatient oncology ward, and
PCU). Second, we explored the correlation between BPI-J and
EORTC QLQ-C15-PAL by calculating Spearman correlation
coefficient. Third, multiple regression analyses were per-
formed with each end point of EORTC QLQ-CI15-PAL as
dependent variable and average pain, age, gender, inmate,
marital status, work status, primary site, months since diag-
nosis, and recurrence or metastasis as independent variables,
with forced entry to control for ing fac-
tors. Dummy variables were created for each of gender,
inmate, marital status, work status, primary site, and recur-
rence or metastasis. The analysis software was JMP Pro 9.02.
We set significance level as .05 and conducted 2-sided test in
all analyses.

Results

Respondent Characteristics

A total of 404 patients with cancer participated in this study.
Participant characteristics are shown in Table 1. The mean
age + standard deviation (SD) was 61 3 12 years, and 49%
of the total participants were men. Primary tumor sites were
colon/rectum (26%), breast (25%), and stomach/esophagus
(19%). The mean duration of disease + SD was 33 + 35
months. Eighty-four percent of the pahenls had recurrence
and and 42% were h 1
Thirteen percent had ECOG performance status of 3 or 4
although 73% had O or 1.

Pain Intensity

Table 2 shows pain condition by BPI. As for average pain, 36%
had a score of 0 (no pain), 45% had 1 to 3 (mild pain), 17% had
4 to 6 (moderate pain), and 2% had 7 to 10 (severe pain). The
percentage of outpatients who had pain worse than average
pain score 4 was 13%, whereas that of inpatients was 25% and
that of PCU patients was 37%.

For worst pain, 36% had a score of 0 (no pain), 39% had 1 to
3 (mild pain), 15% had 4 to 6 (moderate pain), and 10% had 7
to 10 (severe pain). The percentage of outpatients who had pain
worse than worst pain score 4 was 17%, whereas that of inpa-
tients was 29% and that of PCU patients was 49%.

For interference with general activity, 49% had a score of 0
(no pain), 32% had 1 1o 3 (mild pain), 11% had 4 to 6 (moderate
pain), and 9% had 7 to 10 (severe pain). The percentage of
outpatients who had an interference with general activity score
greater than 4 was 15%, whereas that of inpatients was 19% and
that of PCU patients was 36%.

Association Between Pain and QOL

Table 3 shows the correlation between QOL and the BPI pain
score, For the total sample, average pain was significantly cor-
related with PF2 (p = —0.39, P < .0001), EF (p = -0.35, P <
.0001), FA (p = 0.45, P <.0001), SL (p = 0.45, P < .0001), and
QL item (p = —0.44, P <.0001). Association between average
pain or worst pain and major aspects of the QOL was similar,
and the association with least pain was relatively small.
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Table 3. The Correlation Between Pain (BPI) and QOL (EORTC QLQ-CI5 PAL).*

Average Pain Worst Pain Least Pain Interference With General Activity
» I s P p [ » P
Total (N = 404)
PF2 —0.39 <.0001 —041 <.0001 ~031 <.0001 ~0.38 <.0001
EF —035 <.0001 —037 <.0001 —028 <.0001 ~037 <.0001
FA 045 <.0001 046 <.0001 033 <.0001 048 <.0001
NV 027 <.0001 026 <.0001 019 <.0001 026 <.0001
PA 074 <.0001 074 <.0001 054 <.0001 068 <.0001
DY 024 <.0004 024 <0001 02 <.0001 02 <.0001
st 045 <.0001 044 <.0001 039 <.0001 040 <.0001
AP 034 <.0001 033 <.0001 023 <0001 037 <.0001
co 028 <.0001 028 <.0001 021 <.0001 032 <0001
QLitem —044 <.0001 —0.42 <.0001 -0.30 <.0001 ~048 <.0001
Outpatients (n = 257)
PR —037 <0001 —037 <.0001 ~028 <.0001 <.0001
€F ~038 <.0001 —0.37 <.0001 ~0.30 <.0001 <.0001
FA 039 <.0001 038 <.0001 026 <.0001 <.0001
NV 025 <.0001 021 .001 0.19 004 <.0001
PA 071 <.0001 072 <0001 053 <.0001 <.0001
oY 0.8 005 016 015 0.17 010 107
sL 0.50 <.0001 048 <0001 043 <.0001 2 <.0001
AP 034 <.0001 032 <.0001 022 .00 041 <.000)
co 020 .00t 017 .009 0.13 .044 027 <.0001
QL item —046 <.0001 -0.43 <000t 030 <.0001 —047 <.0001
Inpatients (n = 71)
PR2 ~033 006 ~030 012 052 020
€F ~026 .030 -031 .009 138 .004
FA 044 <.0001 044 <.0001 <.0001 <.0001
NV 031 009 028 021 ot 020
PA 073 <0001 071 <0001 <.0001 <.0001
DY 039 .001 043 <.0001 018 001
st 030 o012 034 004 013 024
AP 0.30 013 029 014 034 005
co 027 .026 031 ot 154 020
QL item —031 012 —035 .004 077 o1
PCU patients (n = 76)
PF2 -0.12 316 ~0.17 151 -020 087 141
EF -030 009 -035 .003 ~020 09 001
FA 038 .001 037 .00t 019 107 005
Ny 016 165 029 o1t —0.03 831 138
PA o <.0001 0467 <.0001 037 .01 <0001
DY 00! 527 0.06 627 0.06 692 279
st 028 o017 026 022 o8 121 001
AP 0.10 393 012 3 —001 956 553
co 023 046 031 007 021 077 % 021
QL item -028 015 022 056 -005 667 ~0.44 <.0001

Abbreviations: AP, appetite Joss; CO, constipation; DY, dyspne; EF, emotional functioning: FA, fatigue; NV, nausea and vomiting: PA, pain; PCU, palliative care
anit; PF2, physical functioning: QL item, global health seatusfquality of life; SL., insomnia.

*Bold values indicate P < .05.

In outpatients, average pain was signi 1

pain was si 3 d with FA (p = .44, P = .0003),

with PF2 (p = .37, P < .0001), EF (p = .38, P < .0001),
FA (p =039, P <.0001), SL (p == .50, 7 <.0001), and QL item
(p = —46, P <.0001). The association between average pain or
worst pain and major aspects of the QOL was similar, and the
association with least pain was relatively small.

In inpatients, average pain was significantly correlated with
FA (p = .44, P = 0003) and DY (p = .39, P = .001). Worst

DY (p = .43, P = .0002), and QL item (p = —.35, P =
Least pain was significantly correlated with FA only (p
P = 0004), and the association with least pain was relatively
small.

In the PCU patients, average pain was significantly corre-
lated with FA only (p = .38, P = .001). Worst pain was
significantly correlated with EF (p = —.35, P = .003) and

004).
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Table 4. Association Between Pain and Quality of Life Adjusted for

Patient Backgrounds.

QL item PE2 EF
Standard Standard Standard
Variable (reference category, ref) Error P Error Error  Pref=
Average pain 072 <0.000 068  <0.0001 —036 06]  <0.0001
Inpatient {ref = outpatient) 375 001 354 0003 —009 3I% 0122
PCU (ref = outpatient) 432 0044 407 <0000 003 367 0653
Age 013 0366 012 0469 004 OJ1 0506
Gender (ref = female) 344 0840 325 0045 041 293 o2l
Inmate (ref = nothing) 565 079 533 0286 -003 480 0682
Marital scatus (ref = not married) 402 0755 379 0555 000 341 0960
Work status (employed! ref = not employed) 344 0413 324 0204 003 292 0687
Work status (recired/ ref = not employed) 417 0050 394 0875 —004 354 0491
Months since diagnosis 4 004 0311 004 0I5 0I5 004 001
Primary sice (liver, gallbladder, or pancreas/ ref = stomach or —.02 564  0.686 532 0036 -008 479  0.957
esophagus)
Primary site {lung/ ref = stomach or esophagus) ~07 667 0269 —I3 629 0020 566 0042
Primary site {breast/ ref = stomach or esophagus) 02 48 0791 12 456 0137 410 009%
Primary site {urinary tract/ ref = stomach or esophagus) ~ —.03 985 0620 —.17 929 000 837 0010
Primary site {colon or rectum/ ref = stomach or esophagus) .03 413 0659 02 390 075 351 0.148
Primary site (others/ ref = stomach or esophagus) ~07 484 0274 05 457 0458 411 0014
Recurrence or metastasis (ref == nothing) -07 374 0223 -0l 352 0032 347 ols
R? 26 34 022
Adjusted R? 21 30 017
FA N DY
Standard Standard Standard
Variable (reference category, ref) B Error P B Error 3 B Error P
Average pain 066 <0001 27 050 <0.0001 068 <0000
Inpatient (ref = outpatient) 347 245 02 260 0719 357 0281
PCU (ref = outpatient) 399 001 01 299 0884 41 077
Age 012 284 —02 00y 0817 012 0877
Gender (ref = female) 349 A72 ~06 239 0406 328 0202
Inmate (ref = nothing) 522 643 04 391 0569 538 0773
Marital status (ref = not married) 372 326 05 278 0447 383 0128
Work status (employed/ ref = not employed) 318 49 03 238 0658 328 0.105
Work status (retired/ ref = not employed) 04 386 436 03 289 0647 398 0262
Months since diagnosis —~04 004 468 —06 003 0318 004 0135
Primary site (liver, gallbladder, or pancreas/ ref = stomachor .05 522 393 -08 391 0189 538 0899
esophagus)
Primary site (lung/ ref = stomach or esophagus) 02 617 734 —10 462 0013 022 635 000
Primary site (breast/ ref = stomach or esophagus) ~05 447 £04 ~22 335 008 014 460  0.118
Primary site (urinary tract/ ref = stomach or esophagus) 49 9t 000 .03 682 0644 000 938 0954
Primary site (colon or rectum/ ref = stomach or esophagus) —.I5  3.82 02 -08 28 0276 -001 394 0934
Primary site (others/ ref = stomach or esophagus) -0l 448 867 -12 335 0098 005 461 0463
Recurrence or metastasis (ref = nothing) A5 346 004 14 259 0020 004 356 0489
R? 33 14 021
Adjusted R 30 09 017
SL AP co
Standard Standard Standard
Variable (reference category, ref) f Error 3 B Error P B Eror [
Average pain 40 069 <000l 32 079 <0.0001 027 084 <0.000
Inpatient (ref = outpatient) 08 361 489 .16 442 0005 007 440 0239
PCU (ref = outpatient) 44 4l 020 9 475 0002 002 507 0708
ge -0 o 709 01 004 0875 000 0I5 0954
Gender (ref = female) —13 31 062 -0l 379 0928 006 404 0434
(continued)
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Table 4. (continued)

SL AP fele]

Standard Standard Standard
Variable (reference category, ref) Error P Error 3 Error 3
Inmate (ref = nothing) 05 543 a4 e 663 072
Marital status (ref = not married) 03 387 674 -03 442 472 0867
Work status (employed/ ref = not employed) 00 331 988 01 378 403 0062
Work status (retired/ ref = not employed) 05 402 408 06 459 490 0962
Months since diagnosis -0 004 A0l —15 0.05 0.05 0111
Primary site (liver, gallbladder, or pancreas/ ref = stomachor .12 543 053 06 620 662 0935
esophagus)

Primary site (Jung/ ref = stomach o esophagus) 03 642 62 01 733 0925 042 782 0069
Primary site (breast/ ref = stomach or esophagus) ~02 465 794 -06 531 0431 006 567 0507
Primary site (urinary tract/ ref = stomach or esophagus)  ~.08 948 .60 .02 1083 0654 007 1156 0004
Primary site (colon or rectum! ref = stomach or esophagus) .03 3.98 &51 —08 454 0259 -004 485 0586
Primary site (others/ ref = stomach or esophagus) 05 466 462 g2 532 0073 0.08 5.68 0.274
Recurrence or metastasis (ref = nothing) 06 360 259 .09 4ll 0082 -004 438 0482
R 25 3t .19
Adjusted R? 20 27 a4

Abbraviations: AP, appetite loss; CO, constipation; DY, dyspnea;
physical functioning: QL item, global health statusiquality of lfe; SL., insomnia.

FA (p = .37, P = .001). The association with least pain was
relatively small.

In addition, we performed multiple regression analyses
with forced entry approaches to control for confounding
factors of patient characteristics. There were significant
relationships (P < .0001) between each end point of EORTC
QLQ-C15-PAL and average pain (Table 4).

Discussion

We examined the association between pain and QOL of
patients with cancer in an outpatient service, an inpatient
oncology ward, and inpatient PCU. Patients completed the
Japanese edition of the EORTC QLQ-C15-PAL questionnaire
and BPL To our knowledge, this is the first study that has
investigated the association between pain and QOL in patients
with cancer in these 3 settings. Our results showed that pain had
an association with QOL. It had a moderate influence not only
on physical aspects such as PF2 and FA, SL, and DY but also
on EF. Results also showed that the association with pain was
smaller for the PCU patients compared to the outpatients and
inpatients.

First of all, the association between pain and QOL has also
been reported by previous studies % using different scales.
‘The main finding of this study is that the relationship between
the end points of BPI, except least pain, and the QOL scale

£, emotionat functioning; FA, fatigus; NV, nausea and vomiting; PCU. paffative care unit; PF2.

between BPI end points, except least pain, and QOL in out-
patients and inpatients had a similar tendency. Also, end points
of the QOL scale that showed clear relationships with least pain
were few. These outcomes showed that the association between
severe pain and QOL had a wide influence than that between
least pain and QOL and also that between least pain and QOL is
limited to SL in outpatients and FA in inpatients. However, the

lationships with SL in ients and FA in inpatients were
clear. Therefore, we can say that not only control so as to
reduce the level of average pain and worst pain for the out-
patient and inpatient, should also consider the effect of least
pain. To promote the patient’s understanding of the association
between least pain and SL or FA and not to downplay the
influence of least pain will lead to further improvement in
QOL.

Moreover, we analyzed the association between pain and
QOL of patients with cancer in 3 settings. The results of PCU
patients were different from outpatients and inpatients. Table 3
showed the correlation (Spearman) between pain and QOL.
Significant correlation coefficients have very fewer tendency
in the PCU patients as compared to the outpatients and inpa-
tients. We understand that the PCU patients have much variety
distress due to high disease severity, and this may have an
influence on this result. Although the results of the regression
analysis of hospice patients by McMillan and Small indicated
that total distress score, pain intensity, dyspnea intensity, and
ipation intensity were related to QOL at the univariate

showed a similar tendency in and Sev-
eral studies have shown that severe pain has an association with
QOL.%%* The end points of BPI, except least pain, showed
clear relationships with PF2, EF, FA, SL, and QL item in out-
patients. In inpatients, clear relationships with FA and DY were
shown. In addition, least pain showed a clear relationship with
SL in i and FA in i The relationshij

level, the strongest predictor was the total distress score.' The
outcome of total distress score shows that hospice patients also
have various distress. Our result indicates that the pain PCU
patient is also suffering is complex, therefore, it is particularly
essential for the PCU patient to be approached by multiprofes-
sional team.
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And also, we performed multiple regression analyses with
forced entry to control for ding factors of
patient There were relationships
(P < .0001) between each end point of QOL and average
pain. This indicates that pain is an independent factor asso-
ciated with the QOL in result controlling for confounding
factors of patient characteristics.

Finally, we describe the limitations of this study. It is that
inpatients and outpatients came from the same institution, and
we excluded patients who have serious psychological distress.
These things might have caused a bias in the findings of this
study. And also, since it is difficult for the patient to identify
the cause of the pain, we asked without distinction the cause of
the pain in the BPL Therefore, we could not analyze for each
cause of pain in this study. In addition, since the causal rela-
tionship between pain and QOL could not be identified, it is not
possible to conclude that there is a causal relationship between
pain and QOL in this survey.

Conclusion

We examined the association between pain and QOL for
patients with cancer in an outpatient clinic, an inpatient oncol-
ogy ward, and inpatient PCU. Patients completed the Japanese
edition of the EORTC QLQ-C15-PAL questionnaire and BPL
To our knowledge, this is the first study that has investigated
the association between pain and QOL in 3 settings. Our results
showed that (1) pain had an association with physical and
emotional QOL and (2) the association with pain was smalier
in the PCU patients than the i and inpati

work was supporied by Health and Labor Sciences Rescarch Grants
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Difference in the timing of cessation

of palliative chemotherapy between
patients with incurable cancer receiving
therapy only in a local hospital and those

transitioned from a tertiary medical center

to a local hospital

Hidenori Kamiyama, MD,® Kimiko Kurosawa, RN,* Terumasa Ozawa, MPH,* Keiko
Kobayashi, MD,* Kenji Gonda, MD,* Masatoshi Teshigawara, MD,* Akiko Sato, MD,*
Ken-ichi Maekawa, M D, and Motohiro Matoba, MDs
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Background I} is important to know when fo decide fo end palliative chemotherapy {PC} for the quality of life of patients.
However, there is currently no clear agreement on when lo terminate

Obiectives To defermine whether the difference of the period between the completion of PC and death offects potients’ trajectory
of supportive care near end of life.

Methods This refrospective study included 52 adult patients with incurable cancer who hod received PC and who were referred
to our palliative care team and died in our local hospitol between July 2011 and June 2014. Group A comprised patients who
received anticancer therapy such as surgery and PC only in our hospital and eventually died there. Group B comprised potients
who were iransitioned to our hospital from tertiary medical centers affer cessation of PC.

Results 17 of 22 patients {77%) in Group A conveyed the intenfion of continuing PC in the first interview with a physician of the
palliative care team, whereas 4 of 30 patients (13%) in Group B conveyed a similar infention. The patients in Group B stopped
PC o median of 43 days earlier than did the patients in Group A (P < .0001)

Conclusians These dolo showed that more patients in Group A wanted to confinue PC and had a shorter interval between last PC
and death. Change in the hospital where the patients are given supportive care might coniribute fo the cessation of fuile PC ot an
appropriate time.

s Japan's society ages, increasing numbers

A of middle-aged and elderly people living
in the country will be diagnosed with, and
eventually die of cancer.’? With the commensurate
growing call for better end-of-life (EoL) care, the  oncologists not only leave the institution, but the
role of hospitals in Japanese ities has been  physicians and medical staff who had been caring
redefined.’ It has become necessary to shortenstays ~ for them and who were familiar with their cases.
in acute-care hospitals for patients who do not need ~ Morcover, these patients may be informed of the
aggressive anticancer therapy. In addition, hospital  serious condition of their disease at the time of tran~
restructuring has transferred many aspects of inpa-  sition. Talking to patients and their familics about

tient care to community-based care, including EoL,
and palliative care of those with cancer.™?

Patients who are wansitioned from a tertiary
medical center (TMC) to a local hospital by their
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supportive care and death is not easy, particularly when
patients and/or their families want to continue aggressive
therapy.®

Palliative chemotherapy (PC) near EoL is a commonly
discussed issue nowadays. It remains the mainstay of treat-
ment for patients with advanced malignancy in devel-
oped countries. Toxic side effects that significantly reduce
patients’ quality of life (QoL) and increase fatigue and anx-
iety are unacceptable when the aim of treatment is pallia-
tion of symptoms. Therefore, appropriately timed cessation
of PC is critical#” In most cases, use of PC in the last few
weeks of a patient’s life may indicate poor clinical judg-
ment.® Because it is even more complex to treat patients
with a short life expectancy, treatment goals for any given
patient should be clearly defined.>?

Chichibu Municipal Hospital (CMH) is a medium-
sized public hospital in rural Japan; cancer patients are
cared for and treated as outpatients or inpatients by a few
oncologists. A full-time physician specializing in gastro-
intestinal surgeries and a part-time (once a week) physi-
cian specializing in PC were in charge of PC at CMH. The
palliative care team of CMH comprises medical doctors
and other health care professionals, such as nurses, phar-
macists, and therapists. The hospital has 135 beds for acute
care. It is the core coramunity hospital in the region, but
not a general hospital. Patients needing highly advanced
medical care are transferred to 2 TMC that is about 40 km
(about 25 miles) away. Patients diagnosed with gastrointes-
tinal, pancreatic, or urological cancer at CMH can choose
between CMH and a TMC for their treatment. Almost
all patients who choose CMH receive anti therapy

died at CMH but did not receive PC throughout the course
of the disease were not included in this study. Patients who
had already been referred before the start of the study
period and those who were referred during the period and
were alive at the end of the study period were not included.
In addition, patients who eventually died at home or in
a nearby hospital and those referred to our palliative care
team who died within 20 days were not included (Figure).
For the latter group of patients, confirmation regarding
their preference for cessation of PC and location of EoL
during the interview with a physician of our palliative care
team was considered difficult because of the patients’ poor
general condition

‘When the patients were referred to the palliative care
team, a physician member of the team would conduct a
face-to-face interview of about 20 minutes with each
patient during a regularly scheduled treatment appoint-
ment at our hospital. After the interview, the physician was
in charge of the patient’s medical care with other members
of the palliative care team, in place of the oncologist. We
recorded the following variables: age, gender, site of cancer,
date of death, date of first visit to our hospital, date of the
first interview with a physician of our palliative care team,
number of days spent in our hospital, number of admissions
for palliative care, date of cessation of anticancer therapy,
and date of patients’ perception of supportive care. Patients’
perception of palliative care was defined as their decision to
switch to best supportive care only. We focused on the fol-
lowing factors: patients’ willingness to continue anticancer
therapy, the preferred location for EoL therapy, patients’

pression of fear of aband: the period between

only throughout the course of their disease. Some patients
who receive anticancer therapy at TMCs return to CMH
after cessation of anticancer therapy. At TMCs, patients
who do not benefit from further standard treatment or
who are ineligible for participation in clinical trials may
tend to cease PC earlier, even if their condition is generally
good. The aim of this retrospective study was to determine
whether the difference of the period between the comple-
tion of PC and death affects patients’ trajectory of support-
ive care near EoL. The results may help physicians better
understand when they should cease PC and focus instead
on providing supportive care to their patients near EoL.

Methods
This study used a retrospective cohort design. All adult
patients with incurable cancer, such as metastatic and
recurrent cancer, who had received PC and supportive care
from the palliative care team at CMH and subsequently
died there during July 2011-June 2014 were identified
from the medical records. PC was defined as chemotherapy
treatment with noncurative intent.

Patients who were diagnosed with incurable cancer and
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cessation of PC and death, the interval between talking to
patients about supportive care and death, and the length of
hospital stay immediately before death. Expression of fear
of abandonment was defined as use of descriptions such as
“f was abandoned by my physician (or oncologist)” in the
medical records at the time of the first interview with the
physician at our palliative care team or in subsequent daily
medical records until the death of the patient.

199 patients referred fo pnumnve cure
“1oJune 2014) -

Exclusion eitrio
¥ 26 potents for whom palliative chemoherapy wos nal performed

® 12 potients who died within 20 doys ofer baing referted fo he foom
® 9 potents who changed the place of core ond died there

chemothercpy only in oor -
ouise of the disease n = 30)

ienis iransitioned 1o our hospital after
f pellitive chemolherapy. 1= 30]

FIGURE Flow chart of patients who were referred to the
pallictive care team.
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Results

During July 2011-June 2014, 99 consecutive patients with
incurable cancer who were referred to the palliative care
team were screened. Of those patients, 26 were excluded
because they had not received PC, 12 were excluded
because they died within 20 days of being referred to our
team because of deterioration in the disease, and 9 were
excluded because they changed the hospital of care and
died there after an intervention of our team. In all, 52
patients (25 men, 27 women) who met our inclusion crite-
ria were included in this study (Group A, n = 22; Group B,

Patients were divided into 2 groups: Group A, which
comprised patients who received chemotherapy only in
our hospital throughout the course of their disease; and
Group B, which comprised patients who were transitioned
to our hospital after cessation of PC. In Group A, the date
of progression of the cancer with the current line of treat-
ment was d ively. P ive disease
was defined s levels of one or more tumor marker being
significantly above normal, according to the RECIST
[Response Evaluation Criteria in Solid Tumors] guide-
lines for imaging.*® QoL could not be assessed with spe-
cific scales because this was a retrospective study. CMH’s
institutional review board approved the project protocol.
Statistical tests included the Fisher exact test, chi-square
test, and the Mann-Whitney test, as appropriate. A Pvalue
of <05 was considered statistically significant. All statisti-
cal analyses were performed with StatView (SAS Institute,
Cary, NC).

the patients in whose charts were reviewed, 64% and 37%
(Group A and Group B, respectively) were men, and the
respective median ages were 71 years and 72.5 years. The
primary cancer sites were pancreatic and biliary (45% and
27%), colorectal (23% and 13%), gynecological (0% and
20%), and lung (0% and 176y), as shown in Table 2.

1a8LE 1 Characteristics ond cttributes of patients (N = 52}

Characteristic/attribute Pvalue

47530
(1-17.6/0.62-11.0}

27517
{0.1-18.8/0.0611.7]

* Median distonce betwean home a3t

and CMH, km/miles* {ronge]

time interval between referral
o PCT 1o death, d (range]

58.5 (21-279) .18t

Median time interval between last
erapy and decth, d ran;

2{1-10)

ey zmAe

Fmal Iength of hcspunl sbay beiore
death, d [range)

24 (259)
TMC, tertiary medice! center; CMH, Chichibu Municipal Hospital; PCT, poliiative care team

18.5 (2:54)

0.55

“Values for miles are ounded to 1 deciml poiat.
*Pualue by Fisher excc tast, 1Pvalue by MannWhilnoy test.
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TABLE 2 Primary cancer diagnosis (N = 52}

Type of malignancy

Group
Afn=22)

B(n=30)

not significantly different between Group A and Group B
patients (Table 1).

We performed subgroup analyses to exclude the dif-
ference in primary cancer sites between the groups. We
extracted patients with pancreatic, biliary, colorectal, gas-
tric, or esophageal cancers from both groups and defined
thcm as Subgroup A (extracted from Group A) and

Head and neck 0

408 THE JOURNAL OF COMMUNITY AND SUPPORTIVE ONCOLOGY ® November 2015

P valuo by chisquare test = 005

Pancreatic, biliary, and colorectal cancers were more
common primary cancer sites in Group A than in Group
B (Table 2). In Group A, 17 patients (77%) conveyed the
intention of continuing PC in the first interview with a
physician of the palliative care team, compared with 4
patients (13%) in Group B (Table 3). The patients in
Group B stopped PC a median of 43 days earlier than did
the patients in Group A (Tuble 1). The patients in Group
B decided to switch to best supportive care a median of 43
days earlier than did the patients in Group A (Table 1).

Retrospectively, the objective timing of progressive dis-
ease according to the radiological findings or changes in
tumor markers and the timing of cessation of PC was not
significant for the patients in Group A (Table 1). However,
10 patients (45%) in Group A continued PC after the eval-
uation that their cancer was progressive.

Patients in Group B, who were referred to CMH from
TMCs, were interviewed by a physician of the palliative
care team at the first visit. Therefore, the time interval
between the first visit to CMH and death and that between
referral to the palliative care team of CMH and death was
equal for patients in Group B. The time interval between
referral to the palliative care team of CMH and death was

Attitude

nfinue P -when re::omme dad
snppomva car ,Ye No. -
Preferred !u:uuon of Eol when reccmmended

supporllve core, Home: Haspyco! Unknown

 abandonment, Yes: n (%]

: e, . pallitve chersoheropy; o, end of e

*Pvolue by Fisher's exact fes. 1P value by chisquare fest,

¢ TaBLE 3 Comparison of patients” atlitudes of the interview by o physician of pollictive core team

bgroup B (from Group B). We compared patient charac-
teristics bctween Subgroup A and Subgroup B. Subgroup
A also had the following significant findings in relation 1o
Subgroup B: a larger proportion of patients willing to con-
tinue PC (P < .0001), 2 longer length of time between first
visit to CMH and death (P < .0001), a shorter length of
time between cessation of PC and death ( P < .0001), and
a shorter length of time between perception of supportive
care and death (P < .0001), shown in Table 4.

Discussion

“The primary cancer sites were different between Group A
and Group B. One possible reason for that could be the
Jack of oncologists who specialize in gynecology, respira-
tory organs, and head and neck regions at CMH. However,
without such logists, patients with gy ic, lung,
or head and neck cancers who needed supportive care near
Eol required transfer to a local hospital. The patients in
Group B visited several TMCs for treatment about 40 km
(about 25 miles) away from their homes. The distance from
the patients’ homes to CMH was not significantly differ-
ent between Group A and Group B. In addition, there was
no significant difference between Group A and Group B
with respect to the total length of hospital stay for symp-
tom control, number of admissions for palliative care, and
length of final hospital stay before death.

Patients’ attitudes and wishes vary widely when faced
with a life-threating or terminal illness; some patients are
unwilling to undergo any treatment, whereas others are
willing to undergo almost any treatment even if it has a
small chance of being beneficial ! When the oncologist
deems the continuation of PC to be futile, the patients
cannot continue the treatment at TMC. They are forced

Grovp

B(n=30) Pvalue

wuns.jcso-onfine.com

7ABLE 4 Comparison of factors between Subgroup A and Subgroup B

Factor

val bel
CMH nnd dwh d frange)

Median time merval between lost
chemolherapy and death, d [range]

50 (6:88)

eryal between pemphon
o and death; d frange]
Willing to commue onticancer therapy whsn
recommended supportive core, Yes:No
ChMH, Chichibu Municipel Hospital
*Pvaluo by ManaWhitney tost, 1Pvalue by Fisher exoct test.

to change the location of care, which may lead to them
10 express fears of abandonment, as seen in the Group B
patients. To minimize this fear, oncologists must consider
how to change the location of palliative care near the resi-
dence of patients or their family when PC becomes futile.

Oncologists at the previous medical institutions dis-
cussed the cessation of PC with the patients in Group B.
Thus, few patients were willing to continue PC at the time
of interview at CMH., However, many patients in Group
A hoped to continue PC when referred to our pailiative
care team. Patient-related factors that may contribute to
patients receiving futile PC at EoL include the personal-
ity traits of the patient and/or the family in not wanting to
give up the hope of cure.? The physicians at ous relatively
small local hospital could meet these patients’ expectations
and would not want to disappoint them. Retrospectively,
according to the data regarding the radiological findings
or changes in tumor markers, 10 patients (45%) in Group
A continued PC after the evaluation that their cancer was

h logi ized disease pro-
gress:on in the patients in Group A, they continued PC for
these patients to give them hope. An independent factor
correlated with a shorter interval between the completion
of PC and death was the presence of symptoms. Patients
may believe that the outcomes of PC may be overly opti-
mistic and PC is the only way to palliate their symptom
because the tumor evokes the symptom.** Oncologists
should tell their patients that PC is not the only way to
eliminate symptoms and that its efficacy is limited if their
general condition is poor.

Although talking to patients and their families about
cessation of PC and supportive care is not easy, oncolo-
gists must inform patients and their families in advance
about the timing of cessation and help them make impor-
tant EoL decisions.>*# Patients have few opportunities to
discuss their preferences about EoL care with physicians
throughout the course of their disease.™ Ideally, oncologists

Volume 13/Number 11

17:4

Subgroup
Pvalue

should start PC with informed patient consent to the fact
that PC is not for cure and that patients need to be referred
1o palliative care units at the same time as they recejve PC.
However, because data have shown that 19.6% of patients
start PC without having been given information about pal-
liative care units, this has not yet been achieved in clinical
practice.®® This is because physicians do not yet have suf-
ficient data to enable them to decide whether they should
stop PC or recommend hospice admission.’

Some limitations to this study need to be considered.
First, our study was confined to a single institution within
the specific subset of patients with incurable cancer and
a limited number of oncologists at CMH. In particular,
because of the small number of patients who received anti-
cancer therapy only at CMH throughout the course of the
disease, we cannot generalize our findings to other set-
tings. However, Subgroup A showed a significantly shorter
length of time between cessation of anticancer therapy and
death, and a significantly shorter length of time between
perception of supportive care and death after performing
analyses to correct for the small sample size. Second, this
study was retrospective in design; therefore, the findings
may not be fully validated. To obtain more accurate data
regarding EoL care, prospective cohort studies are needed
to identify terminally ill patients and subsequently follow
them until death.

It is assumed that the patients in Group B had been
able to have an appropriate discussion with their oncolo-
gists about stopping PC before they transferred to CMH.
‘We did not examine how many of the patients who had
received anticancer therapy at TMCs did not transfer
to CMH for supportive care and cventually died at the
TMCs. Those patients may well be the patients who were
more likely to continue PC until close to death. Therefore,
we assumed that it would be easier for oncologists at a local
hospital to discuss PC with patients who transferred there
from a TMC after cessation of PC because the patients
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would already have discussed the matter with the TMC
oncologists before they transferred.

In conclusion, patients transferred to a local hospital
from TMCs after cessation of anticancer therapy (Group
B) stopped PC a median of 43 days carlier than those
receiving therapy only in a local hospital (Group A). Four
patients in Group B expressed fear of abandonment over
the course of their disease, whereas no patient in Group A
expressed similar fears. Change in the hospital where the
patients are given supportive care may provide patients an
opportunity to cease futile PC at an appropriate time after
discussion with their oncologists. When changing a hospi-
tal, few patients expect the continuation of PC; however,
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Oncol. 2012;30:394-400.
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of such patients.
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Non-selective transient receptor potential vanilloid (TRPV) cation channels are activated by various in-
sults, including exposure to heat, acidity, and the compound capsaicin, resulting in sensations of pain in
the skin, visceral argans, and oral cavity. Recently, TRPV1 activation was also demonstrated in response to
basic pH elicited by ammonia and i “Tri (THAM)
is widely used as an alkalizing agent; however, the effects of THAM on TRPV1 channels have not been
defined. In this study, we characterized the effects of THAM-induced TRPV1 channel activation in baby
hamster kidney cells expressing human TRPVI (hTRPV1) and the Ca®*-sensitive fluorescent sensor
GCaMP2 by real-time conforal microscopy, Notably. both capsaicin (1 M) and pH 6.5 buffer elicited
steep increases in the intracellular Ca®* concentration ([Ca®*[;), while treatment with THAM (pH 8.5)
alone had no effect. However, treatment with THAM (pH 8.5) following capsaicin application elicited a
profound, long-lasting increase in [Ca%"}; that was completely inhibited by the TRPV1 antagonist cap-

Keywords:

Calcium signaling

Nociceptive pain

“Tris-hydroxymethyl aminomethane (THAM)
TRPV cation channels

TRPVI receptor sazepine. Taken together, these results suggest that hTRPV1 pre-activation is required to provoke
enhanced, THAM-induced [Ca®*]; increases, which could be a mechanism underlying pain induced by
basic pH.
©2015 Production and hosting by Elsevier BV, on behalf of Japanese Pharmacological Society. This is an
open access article under the CC BY-NC-ND ficense (http:/jci eativecammons.oi /hcenses/by-nc-nd/é.0:).

1. Introduction channel cloned, TRPV1, is activated by several insults, including

exposure to heat, acidity, and capsaicin, resulting in sensations of
pain in the skin, visceral organs, and oral cavity {40}, In rat dorsal-
root ganglion cells, acidic conditions can induce a persistent
membrane potential current due to the inward flux of Na* and Ca?*
ions {6); however, recent evidence indicates that TRPV1 can be
activated by both acidic and basic pH

Tris-hydroxymethyl aminomethane (THAM; brand name Tro-
metamol} is an alkalizing agent that may be preferable to sodium
bicarbonate because it acts as a hydrogen ion acceptor, thereby
reducing CO; concentrations in the blood {§- 161 Ammonia and
intraceliular alkalization activate TRPV1 through a mechanism
involving a cytoplasmic histidine residue {1-6). THAM is widely

Transient receptor potential (TRP) channels, including the TRP
canonical (TRPC), TRP vanilloid (TRPV), TRP melastatin (TRPM), TRP
mucolipin (TRPML), and TRP ankyrin (TRPA) subfamilies, are
composed of four channel proteins that form a central pore through
which cations such as Ca?* and Na* can pass {1--3}. The first TRP

“ Corresponding author. Division of Cancer Pathophysiology. National Cancer
i Chuo-ku, Tokyo 104-0045. Japan.
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used clinically to reverse acidosis 0} however, the effects of
THAM on TRPV1 channels have not yet been described.

In this study, we sought to characterize the direct effects of
THAM on TRPV1 channel activity in an in vitro experimental sys-
tem. To this end, baby hamster kidney (BHK) celis expressing hu-
man TRPV1 channels (HTRPV1) and the Ca®*-sensitive fluorescent
sensor GCaMP2 were stimulated with receptor agonists, and the
resulting intracellular Ca®* ([Ca®*};) s\gnals were then measured by
real-time confocal microscopy {1

2. Methods
2.1. Construction and expression of plasmids and chemicals

<DNAencoding full-length human TRPV1 was kindly provided by
Dr. M. Tominaga (Division of Cell Signaling, Okazaki Institute for
Integrative Bioscience, National Institutes of Natural Sciences,
Okazaki). TRPV1 cDNA was subcioned into the expression vector
pCl-neo (Promega, Madison, Wi, USA). The pN1-GCaMP2 plasmid
encoding the intracellular calcium sensor GCaMP2 was kindly gifted
by Dr. J. Nakai (Saitama University Brain Science Institute, Saitama).
Capsaicinand THAM were obtained from Sigma (St. Louis, MO, USA).
Other chemicals were purchased from Nacalai Tesque (Kyoto).

22. Cell culture and transfection

BHK cells were grown in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% fetal bovine serum, penicillin
(100 U/mL), and streptomycin (100 mg/mL) at 37 °C in a humidified
atmosphere of 95% air and 5% CO,. For Ca®*-imaging, cells were
seeded at a density of 6 x 10% cells per 35-mm (12-mm glass-
bottomed) culture dish (WillCo Wells BV. Amsterdam,
Netherlands). Cells were transfected with 0.3 ug ¢cDNA encoding
DTRPV1 and 01 pg GCaMP2, using the Effectene transfection re-
agent (Qiagen, Tokyo). Assays were performed at approximately

4-36 h post-transfection.

2.3. Ca®*-imaging assay

Ca?* imaging was performed with BHK cells co-expressing
TRPV1 using the Ca’* sensor GCaMP2 {11-13}. The culture me-
dium was discarded and the cells were washed twice with HEPES
buffer (10 mM HEPES, 140 mM Nacl, 5 mM KC1, 2 mM CaClz, 1 mM
MgCl, and 10 mM p-glucose, pH 7.4). The HEPES buffer was
exchanged with test solution containing capsaicin andjor THAM
(pH 8.5) and HEPES (pH 8.5), using a perfusion system. When using
buffer at pH 6.0, we used Krebs-Ringer Phosphate (KRP)-buffered
saline (pH 6.0). The fluorescence of GCaMP2 was continuously
recorded at 510 nm to measure the fluorescence intensity in each
whole cell. Ca** imaging was performed on a Meta 510 confocal
‘microscope (Zeiss Japan, Tokyo). Data were acquired and analyzed
with LSM510 META software (Carl Zeiss, Jena, Germany) and
expressed as the fluorescence intensity (510 nm) before and after
test solution exposure.

24. Capsaicin treatment

BHK cells expressing human TRPV1 were treated with 1 M
capsaicin for 30 s, washed for 10 min, and analyzed to confirm the
expression status of both TRPV1 and GCaMP2. Test compounds
were added in the presence of capsaicin, low pH buffer, high pH
buffer, or THAM at various concentrations.

2.5, Statistical analysis

Data were analyzed using Prism 6 (GraphPad Software, San
Diego, CA, USA). The Mann—Whitney test was used to compare the
data between 2 groups, and non-parametric testing with Krus-
kal~Wallis one-way analysis of variance was used for multiple
comparisons of control and treated groups.

3. Results
3.1. Real-time Ca®* imaging-system optimization

Shght but significant, green- ﬂuorescenr staining was observed
in hTRPV1{GCaMP2 BHK cells. The fluo-
rescent staining rapidly increased to a strong signal once stimu-
lated with 1 M capsaicin, implicative of an increase in [Ca®*};, and
quickly returned to basal levels (Fig. 1A). As expected, in the cells
expressing hTRPV1/GCaMP2, KRP-buffered saline (pH 6.0) elicited
increases in [Ca®*];, as shown in Fig. 1B. Strong signaling elicited
with 1 uM capsaicin or low-pH (6.0) KRP was not observed in BHK
cells that expressed GCaMP2, but not TRPV1 (fig. 1B).

To optimize the capsaicin concentration, we examined a range
of capsaicin concentrations from 1 pM to 10 uM and observed
robust peaks at 1 pM: however, significant increases in {Ca®*}; were
detected at a minimal concentration of 1 nM (data not shown).
Based on these results, we used 1 M capsaicin for the remaining
studies. Both the capsaicin-induced and low-pH (6.0)-induced in-
creases in [Ca®*}; were completely inhibited when the hTRPV1 in-
hibitor capsazepine (10 yM) was added (Fig. 1C), consistent with
previous findings {1~

In addition, a previous study showed that alkalization (high pH)
was also sufficient to elicit TRPV1 activation {7} Based on those
findings, we examined the effect of high pH on hTRPV1 by adding
HEPES (pH 8.5) or THAM (pH 8.5} at 0.3 mM, a concentration used
clinically to treat acidosis (&, 10). As shown in Fig. 1D, both HEPES
and THAM increased [Ca®*]; but not significantly. Moreover, treat-
ment with 0.3 mM THAM at a higher pH (9.0) still failed to elicit any
effects (data not shown).

3.2 Enhanced capsaicin-induced Ca®* influx by THAM

BHK cells were exposed to 1 1M capsaicin for 30 s, followed by
0.3 mM THAM (pH 8.5) for 60 s, as shown in the inset of fig. 2A. We
observed a profound increase in {Ca®*}, which persisted for

2A).

Interestingly, the [Ca®*}; increase was dependent on the timing
of THAM application following capsaicin exposure. For example,
while the simultaneous application of capsaicin with THAM did not
induce a secondary increase in {Ca?*};, treatment with THAM 30 s
or 60 s after treatment with capsaicin elicited a profound secondary
phase of [Ca®*}; increases. However, a significant increase in [Ca?*];
was no longer observed when THAM was added to BHK cells 90 s
after capsaicin exposure (Fig. 2B).

Furthermore, when BHK cells were incubated simultaneously
with the hTRPV1 inhibitor capsazepine {10 uM) and capsaicin, both
capsaicin- and capsaicin/THAM-induced [Ca?*]; increases were
completely inhibited, regardless of the timing of the dosage (iig. 2C,
E). When capsazepine was added after capsaicin application, the
elevation of !Ca“]. induced by THAM (Fiz. 2A) was completely
inhibited {Fig , E). indicating that opened TRPV1 channels are
involved in THAM induced |Ca®*]; increases.

S. Murakemi et cl. / journal of Pharmacological Sciences 130 (2015) 72-77
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Fig. 1. Effects of compounds or buffers on changes in the intraceliular concentration of Ca?* ((Ca**],) in BHK cells expressing hTRPV1 and GCaMP2. (A) A typical tracing showing

NTRPV1 activation induced by 1 M capsaicin in cells expressing hTRPVL. (B) The effects of

1 M capsaicin and KRP (pH 6.0) o the [Ca®*},in BHK cells with or without RTRPVI

expression. (C) The effects of 1 uM capsaicin and KRP (pH 6.0) on the [Ca®*], with or without 10 M capsazepine. (D) The effects of HEPES (pH 8.5) and 0.3 mM THAM (pH 85) on

the [Ca], in BHK cells expressing hTRPV1. The data shown are the mean = SEM. “p <
experiments.

3.3. Enhanced Ca®* influx is capsaicin/THAM-specific

Acidification itself is reported to activate TRPV1 {5}, We showed
here that KRF buffered saline (pH 6.0) induced a significant in-
crease in [Ca®*|;, whereas THAM (pH 8.5) had no significant effect
{¥iz. 1C). In contrast to the results observed following capsaicin
lreatrnent‘ THAM added simultaneously, or at 30, 60, or 90 s after
low pH buffer application failed to induce significant increases in
{Ca?* ).
Thns effect was THAM-specific, as no additional increase in
{Ca™); was observed when HEPES (pH 8.5), instead of THAM (pH
8.5), was added simultaneously or at 30, 60, or 90 s after capsaicin
application (Fig, 4).

Moreaver, we reversed the order of treatment from that shown
in Fiz. 2A and B. and examined the effects of THAM (pH 8.5)
simultaneously or at 30, 60, or 90 s after application of capsaicin. In
contrast to the data shown in fig. 2B, THAM failed to enhance
[Ca®*}; when applied prior to capsaicin (Fig. 5).

4. Discussion

TRPV1 is activated by a variety of noxious stimuli, including the
exposure to capsaicin, heat, low pH, and alkalization | 1
we found that the alkalizing agent THAM (pH 8.5) potentiated
TRPV1 activity if TRPV1 was pre-activated by capsaicin. Moreover,
we found that low pH (~6.0) caused a significant and rapid increase

< 005;

*p < 0.001; Cap. capsaicin: CPZ. capsazepine; ns., not significant; n, number of

in [Ca®*};, consistent with previous findings ¢ 14;. We also demon-
strated that treatment with THAM or HEPES at pH 8.5 did not
independently increase [Ca2*l; however, THAM (pH 8.5)

and p! the capsaicin-induced increase in
[Ca®*],. This effect was time-dependent, as the [Ca®*]; increase was
only enhanced when THAM was added 30 or &0 s after capsaicin
application, but not when added simultaneously or 80 s after
stimulation. Further, the effect of THAM appeared to depend upon
the “open-state” of TRPV1 because the THAM-induced increase in
{Ca®*}; was inhibited by capsazepine just after application of
capsaicin (Fig. 2D). The precise mechanisms underlying this
enhancement are presently unknown; however, we suggest that
capsaicin-induced Ca** influx through TRPV1 channels terminates
within 60 s because of pore closure. Accordingly, we did not
observe a THAM-induced increase in [Ca*} 90 s after capsaicin
application since the TRPV1 channel was presumably closed.
Furthermore, the simultaneous application of THAM and capsaicin
failed to enhance Ca?* influx, suggesting that the TRPV1 channel
pore must be pre-opened by capsaicin for THAM to potentiate its
activation.

In our study, THAM or HEPES buffer at pH 8.5 did not inde-
pendently activate TRPV1, indicating that a high pH alone was
insufficient to activate TRPV1 channeis. However, combination
treatment with THAM and capsaicin caused persistent increases
in [Ca%*};, most likely because THAM entered the cytosol through
the capsaicin-activated TRPV1 channels. Thus, we theorize that

5. Murakami et al./ Journal of Pharmacologicel Sciences 130 (2016) 72-77
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data are expressed as the area under the curve (AUC) and are shown as the mean + SEM (c) Capsazepine (10 uM)-depencent mh i

jon of increased [Ca**], after 2 30 5

stimulation with capsaicin (1 kM) and a subsequent 30 s stimulation with 03 mM THAM (pH 85). (D) Calcium influx following sequential 30 s stimulations with 1 yM
capsaicin, 10 uM capsazepine, and 0.3 mM THAM (pH 8.5), (E) Effects of capsazepine on the capsaicin/THAM-induced incsease in [Ca*"], in cells expressing HTRPV1. Data are

expressed as the AUC of {Ca®*], and are shawn as the mean + SEM. 'p < 0.05; **
number of experiments.

cytosolic THAM patentially binds to intracellular residues of
TRPV1 that mediate TRPV1 activation by intracellular alkalization

Previous data have shown that TRPV1 is activated by basic pH
and have that ization agents, such ia, eficit
a distinct, pungent sensation in the nose and airways, causing
mucous membrane irritation that can develop into acute pneu-
monitis and chronic bronchitis with chronic exposure Our
results showed that, although THAM (pH 8.5) alone did not elicit

"p < 0.001 vs, control: "1p < 0.001 vs. 1 M capsaicin; CPZ, capsazepine; n.s. ot significant; n,

marked [Ca®*); increases in hTRPV1-expressing BHK cells, it did
cause a robust and persistent increase in [Ca%*}; in cells with pre-
activated hTRPV1 channels that were opened by the noxious
stimulus capsaicin. While ammonia can permeate cell membranes
and activate TRPV1, THAM is likely hard to enter the cells because of
its size and positive polarity (6. The physiological significance of
this phenomenon is unclear at present; however, we postulate that
THAM causes a noxious sensation if TRPV1 is pre-activated by
capsaicin, but not at a low pH (iigs. 2 and 3).
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Some findings have suggested that THAM may effectively
compensate for acidosis, ameliorate the deleterious effects of pro-
longed hyperventilation, and may be beneficial in intracranial
pressure control {15} Previously, it was concluded that THAM
administered at 0.55 mmol/(kg-h) to acute lung-injury patients
with acidosis was associated with significantly increased arterial
pH and base deficits, and triggered a reduction in arterial
carbon dioxide tension that could not be fully accounted for by
ventilation {§%

Several physiological conditions give rise to alkalinity, some of
which are assaciated with pain sensations. A previous report
demonstrated that rabbits infused with 0.3 M THAM showed ne-
crosis around the site of infusion into the marginal ear vein ¢
addition, respiratory alkalosis due to hyperventilation can cause a
tingling sensation in the extremities and lower peripheral nerve
thresholds {18}, It has also been suggested that alkaline pH causes
pain sensation via TRPA1 activation and may provide a molecular
explanation for some human alkaline pH-related sensory disorders
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{193 However, the role of TRPV1 in such disorders has yet to be
reported.

Our data showed that THAM prolonged TRPV1 channel activity
if the channels were pre-activated. Although the significance of
prolonged TRPV1 channel activation is unclear, our results suggest
that THAM may cause pain sensations in some circumstances. Thus,
it is important to determine how THAM can be used more effec-
tively and promptly in treating pathophysiological conditions
involving TRPV1 channel pre-activation.
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Objective: Dependent children under the age of 18 are particularly vulnerable to the stress of parental
death from cancer or of having a parent diagnosed and treated for the disease. More and more japanese
couples are postponing parenthood, which increases their chances of developing cancer while they stifl
have a dependent child. However, the problem has not received enough attention from healthcare
professionals and policy-makers because the extent and breadth of the problem has never been

examined in the Japanese population. Therefore, we aimed to estimate the nationwide incidence of

Keysords:
Parental cancer
Chitdren

Minor children
Adolescents
Parents
Incidence
Cancer registry

cancer patients who have children under the age of 18 years, as well as the incidence of children who have
a parent diagnesed with cancer in Japan.

Study design: We calculated the proportion of patients who have children stratified by age, gender and
cancer type using electronic medical records of cancer patients (20-59 years old) admitted to the
National Cancer Center Hospital (NCCH) for the first time between January 2009 and December 2013. We
projected these estimates onto the Japanese population using 2010 population-based cancer registry
data, and repeated the projection using 2011 hospital-based cancer registry data so that estimates of

patients receiving care at Designated Cancer Care (DCC) hospitals could be obtained.

Background

Resuits: We found that an estimated 56,143 cancer patients who have 87,017 dependent children are

diagnosed with cancer every year in Japan. The proportion of children in Japan who had a parent newly
diagnosed with cancer in 2010 was approximately 0.38%. We estimated that in 2011 there were on
average about 82 cancer patients with minor children and 128 minor children who have at least one
parent diagnosed with cancer in every DCC hospital in Japan.

Conclusion: Parental cancer is common. We have identified that many adults diagnosed with cancer have
the double burden of coping with the diagnosis and treatment as well as supporting their children

through

on and need: of these

patients are required to understand how best to help children and families cope with cancer.

2015 Elsevier Ltd, Al rights reserved.
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1. Background

A cancer diagnosis often has a significant negative impact on
the lives of patients and their families [1]. It influences the
psychosocial and emotional wellbeing of minor children. [2]
However, cancer among parents who have dependent children is
becoming an increasing problem in many developed countries as
more people postpone parenthood {3}, The lifetime risk of cancer

1. Inoue et al./ Cancer Epidemiology 39 (2015) 838-841

in Japan is stunningly high compared to that in other countries -
56% for males and 43% for females |4} (US: 43% and 38% [5], UK:
44% and 40% [6], respectively) ~ which means that a greater
number of individuals wiil become parents at an age where cancer
risks are high and their children are still young and dependent.
Even if these patients constitute a small group of cancer patients, it
is nonetheless a growing problem that deserves special attention
Dbecause of its severe and long-lasting impact on both the child and
the patient.

In spite of this clear need for more attention, no study has ever
captured the severity of the i  Japan. In Norway,
4% of children aged 0-25 years have or have had parents diagnosed
with cancer, which corresponds to a population prevalence of 1.4%
[71. At least 18% of cancer patients in the United States have minor
children. [8] The purpose of this study was to obtain national
estimates for the number and proportion of cancer patients who
have dependent minor children, as well as the national estimates for
the number of children with a cancer parent in Japan.

2. Methods
2.1. Data sources

Using the NCCH's electronic medical records (EMRs), we
identified patients between the ages of 20 and 59 who were
admitted to the National Cancer Center Hospital (NCCH) for the first
time between January 2009 and December 2013. We extracted their
ageattheir first gender,
gender of their children, and excluded patients who could not be
identified within the hospital-based cancer registry (HBCR) database
which contained their International Classification of Diseases
Oncology, 3rd edition (ICD-0-3) topography and morphology codes.

We used the 2010 population-based cancer registry (PBCR) and
the 2011 HBCR data to make inferences for the burden of cancer
among patients with children for the total Japanese population and
also for patients who received care at a designated cancer care
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(DCC) hospital in Japan. The PBCR collects cancer surveillance data
from 35 prefectures (out of a total of 47) that have a case reporting
system for newly diagnosed and treated cancer patients from
hospitals and clinics within their prefecture. Because case
reporting is not mandatory, PBCR data do not capture all cancer
incidence in Japan {9}, The HBCR, on the other hand, is a
compulsory cancer incidence reporting system for DCC hospitals
in Japan. In 2011, there were 395 hospitals that were designated as
DCC by the Ministry of Health, Labor, and Welfare, to play a major
role in the prevention, diagnosis, and treatment of cancer for most
cancer patients. Although there are non-designated hospitals that
also care for cancer patients, they are not required to submit their
surveillance data to the HBCR.

2.2. Analyses

‘We calculated the number and proportion of cancer patients
with dependent children under the age of 18, stratified by the
patient’s gender, age group (ages 20-29, 30-39, 40-49 and 50-59)
and cancer types from data obtained from NCCH's EMRs, We also
counted the total number of children among all cancer parents
according to the child's age group (ages 0-6, 7-12,13-15, and 16-
18) and gender. Data were analyzed using Stata 13.1 (Stata
Corporation, College Station, TX, USA).

‘We made inferences for the number of cancer patients who have
dependent childreninJapan, as well as the number of childrenwith a
parent diagnosed with cancer in a year, by multiplying them by the
incidence of cancer for patients in the same strata of gender, age
group, and cancer imated the number of
cancer parents and the number of children who have a parent with
cancer who received care at DCC hospitals in Japan.

3. Results

Among 12,399 men and 10,786 women who were admitted to
the NCCH for the first time between January 2009 and December

The distribution of cancer patients who are parents between the ages of 20 and 59 at the time of first admission to the Nationat Cancer Center Hospital between 2009 and
2013,

Male Female Totat
Age of N of patients (% of patients Average N of Nof: pauemx (% of patients Average N of N of pa!l:n!s (% of patients Average N of
patients with minors) chitdren with minors) children ith minors) chifdren
20-29 142 12 136 16 278 15

35% 1.8% 7.6%
30-39 389 17 555 17 944 17

3% 342% 329%
40-49 726 17 1310 16 2036 17

46.4% a3% 43.3%
50-59 1705 14 1727 13 3432 13

16.8% 89X 128%
Total 2962 16 3728 16 6680 15

253% 240% 24.7%
Common Male Female
CINCETPES K of patients with minors Total N of patients  Common N of patients with minors “Total N of patieats

with minors cancer types with minors
Patients’ age Patients® age
20-29 30-38 40-49 50-59 20-29 30-39 40-49 50-59

Gastric o 15 48 54 117 {156%) Breast 2 61 241 57 361 (40.1%)
Lung o 13 4 45 99 (132%) terus o 18 61 15 94 (10.4%}
Colorectat o 7 44 37 88 (11.7%) Gastric 2 12 44 9 67 (74%)
Sarcoma o 23 31 13 67 (B.9%) Sarcoma 6 23 31 5 65 (7.2%)
Lymphoma 1 18 27 16 62 (83%) Colorectal 2 1 3 14 58 (64%)
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2013, we identified 8412 patients between the ages of 20 and 59.
We excluded 1295 patients whose data could not be linked to
HBCR data, and further excluded 427 patients with in-situ
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Table 2

National estimates of the incidence of cancer patients with children and children
with cancer parents projected from population-based and hospital-based cancer
registry (PBCR and HBCR) data (per 1 year).

carcinoma because these patients were not reg within the
PBCR. This left 2962 males {44.3%) and 3731 females (55.7%) in
the analyses.

We identified 2593 minor children among 1650 cancer patients
in our study. Roughly a quarter of both male (25.3%) and female
(24.1%) patients had at least one minor child (table 1). The average
age of fathers who had cancer was 3 years older than mothers with
cancer (mean: 46.6 versus 43.7 years, SD: 7.0 versus 6.1 years,
P<0.05). The average number of minor children for a cancer
patient in our study was highest among patients in their 30s and
40s. The most common cancer types for fathers with children were
gastric (15.6%), lung (13.2%), and colorectal (11.7%) cancers, and for
the mothers breast (40.1%), uterus (10.4%), gastric (7.4%) cancers
(Tabie 1). The average age of the children was 11.2 years (SD: 5.2).
The proportion of children whose parent had cancer tended to
increase as the child's age increased (¥ig. 1).

Using incidence rates of cancer patients from the PBCR and
HBCR within the same strata of age, gender, and cancer type, we
estimated that 56,143 patients with 87,017 chiidren were diag-
nosed with cancer in Japan in 2010, and among these 32,679 cancer
patients with 50,752 minor children received care at DCC hospitals
{Table 2).

4. Discussion

Our study showed that an estimated 56,143 cancer patients
‘who had 87,017 dependent children were diagnosed with cancer in
Japan in a year. Given that the total population of minors in Japan
was 22, 780000 in 2010 [10], the propomon of children with a
parent di with cancer was 0.38%. The most
common age group for cancer patients with children was 40-
49 years old, and the most common cancer type was breast cancer.
The number of children with parental cancer increased as the
child’s age increased.

Density

Mate Female Total
Ageofpatients  PBCR  HBCR _ PBCR _ HBCR  PBCR  HECR
20-29 66 78 310 291 377 369
30-39 1922 1417 5702 5195 7623 6613
40-49 9460 5210 18885 11121 28345 16331
50-59 13478 5910 6320 3456 19797 9366
Fotal 24926 12615 31217 20064 56143 32679

Boys Girls Total
Agcofchildren  PBCR  HBCR  PBCR  HBCR  PBCR  HBCR
0-6 13591 7927 13625 7947 27216 15874
7-12 14598 8515 12685 7399 27283 15913
13-15 8625 5030 8759 5108 17383 10139
16-18 7886 4600 7249 4228 15135 8827
Total 44700 26071 42317 24681 87017 50752

PBCR, population-based cancer registry: HBCR. hospital-based cancer registry.

Prior study has shown that patients with invasive cancer who
have dependent children tend to be more anxious, more likely to
prefer aggressive treatment over palliative care, and more likely to
have worse quality of life in their last weeks of life compared to
patients without dependent children | 11}. Adolescent teens who
have a parent with cancer experience higher levels of emotional
stress compared to their younger school-aged counterparts | 12,13},
Gender, birth order and number of siblings, and single parenthood
also may predict the risk of emotional prablems in the child or
adolescent [ 14]. Future research should investigate the background
and specific needs of cancer patients and their children, so that
healthcare providers and policy-makers can develop necessary
support services for future patients and their children. Other
countries have developed various programs and interventions to
support children who have a parent with cancer. Support ranges
from family sessions to parallel group sessions for children and
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Fig. 1. The distribution of the ages of dependent children with a parent diagnosed with cancer in the National Cancer Center Hospitai between 2009 and 2013,



