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Re—insertion of an electrode lead for spinal epidural electrical stimulation
with Seldinger method: case report

Yoko MATSUMURA ™!, Masahiko SHIBATA *2, Yoichi MATSUDA*?, Rumiko MATSUDA**, Gaku SAKAUE*?,
Takaya INOUE*?, Tsuyoshi ABE**, Takahiko KAMIBAYASHI**, Takashi MASHIMO*'
*! Anesthesiology and Intensive Care Medicine, Osaka University Graduate School of Medicine

*# Department of Pain Médicine, Osaka University Graduate School of Medicine
*2 Department of Kampo Medicine, Osaka University Graduate School of Medicine

We report re—insertion of an electrode lead for spinal epidural electrical stimulation with Seldinger
method. A patient had received spinal epidural electrical stimulation. The electrical stimuli covered the
painful area; however, the threshold for electrical stimulation increased, suggesting damage of the elec-
trodes. Since adhesion of the epidural space was expected and a new one should be placed at the previous
position, it was inserted into the epidural space at the previous position with Seldinger method guided by a
Tuohy needle under fluoroscopy. Electrical stimuli via the newly inserted electrode lead covered the
painful area. The pain was well controlled. We conclude that re—insertion of an electrode lead for spinal
epidural electrical stimulation with Seldinger method can minimize the incision for re—insertion and dis-

placement of the electrode lead.

Keywords: spinal cord stimulation, complication, damaged electrode, Seldinger method
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ORIGINAL ARTICLE

Statistical Validation of the Relationships of Cancer Pain
Relief With Various Factors Using Ordered Logistic
Regression Analysis

Yuko Kanbayashi, MPh*t I Kousuke Okamoto, PhD,} Takanori Ogaru, PhD,}$
Toyoshi Hosokawa, MD, PhD,* and Tatsuya Takagi, PhD {9

Objective: To clarify the relationships of cancer pain with various
factors that prevent pain control statistically.

Methods: The participants were 71 terminal cancer patients
admitted to the Department of Hematology/Oncology or Depart-
ment of Gastroenterology/Hepatology, University Hospital, Kyoto
Prefectural University of Medicine in whose pain control a
pharmacist was involved as part of her clinical duties from January
2004 to November 2006. The effectiveness of pain control was
evaluated using a 5-point verbal rating scale (0 = excellent,
I = good, 2 = moderate, 3 = poor, and 4 = very poor) by inter-
viewing the patients. As pain was rated using a graded scale and as
many factors were involved in pain, analysis was performed using
ordered logistic regression analysis. Moreover, prediction of an
optimal model was performed by leave-one-out cross-validation to
eliminate unnecessary variables. A program to perform leave-one-
out cross-validation by ordered logistic regression analysis was
prepared, independent variables used in the model were increased
one by one, and calculation was performed in all combinations.
Then, the optimal model was predicted by calculating the percent
accuracy of predictions and Spearman rank correlation coefficient.

Results: Nausea [odds ratio (OR)= 1948, P =0.0232], sex
(OR = 2.322, P =0.0030), and bone metastasis (OR = 2.367,
P = 0.0017) remained as variables significantly correlated with
pain when the number of independent variables was 5, and sex
(OR = 2.167, P =0.006) and bone metastasis (OR = 2.093,
P = 0.005) remained when the number of variables was 6.

Discussion: The statistical identification of factors preventing pain
control is considered to contribute to the establishment of an
evidence-based approach to cancer pain relief.

Key Words: cancer pain, pain relief, palliative care, ordered logistic
regression analysis, sex differences

(Clin J Pain 2009;25:65-72)
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oth pain treatment and palliative care have been areas

farthest from evidence-based medicine (EBM), and
many treatments in these fields have been performed on
the basis of experience. EBM must also be established in
pain relief by performing clinical studies on problems
including pain assessment, effective use of drugs, and
methods for the management of adverse effects.

Cancer pain is one of the major physical symptoms of
cancer patients and the symptom that appears earliest
among them, being reportedly observed in 30% to 40% of
patients at the diagnosis of cancer and in 65% to 85% of
patients with advanced cancer.'"> Cancer pain can be
palliated by pain relief treatments of the World Health
Organization in 85% to 95% of patients,*° but pain
control is still insufficient in some patients despite the
administration of analgesics at sufficient doses. In the year
2002, the World Health Organization emphasized that
“palliative care is an approach that improves the quality of
life of patients and their families facing the problem
associated with life-threatening illness, through the preven-
tion and relief of suffering by means of early identification
and impeccable assessment and treatment of pain and other
problems, physical, psychosocial, and spiritual.!®” In the
year 1996, the American Society of Clinical Oncology also
declared in the mission statement, “it is the oncologists’
responsibility to care for their patients in a continuum that
extends from the moment of diagnosis throughout the
course of the illness. In addition to appropriate anticancer
treatment, this includes symptom control and psychosocial
support during all phases of care, including those during
the last phase of life.!!”

Pain is nothing other than the report of “pain” by
patients. However, pain is multifaceted, and Twycross!?
observed in his Symptom Management in Advanced Cancer
that pain is easier to understand when it is regarded as total
pain consisting of physical, psychologic, social, and
spiritual pain.

We performed this study to clarify the relationships of
cancer pain relief with various factors that prevent pain
control. The actual procedure used was ordered logistic
regression analysis, as pain was evaluated by a graded scale
and as multiple factors involved in pain must be evaluated
simultaneously.

PATIENTS AND METHODS

Study Term and Participants

The participants were 71 terminal cancer patients
admitted to the Department of Hematology/Oncology or
Department of Gastroenterology/Hepatology, University
Hospital, Kyoto Prefectural University of Medicine from
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January 2004 to November 2006 in whose pain control a
pharmacist was involved as part of her clinical duties. This
study was performed with approval of the Ethical Review
Boards of Kyoto Prefectural University of Medicine and
Osaka University. Patients with whom no communication
was possible throughout the hospitalization period were
excluded from the participants. Opioids were administered
for the control of cancer pain Table 1 shows the
characteristics of the 71 patients.

TABLE 1. Patients Characteristics and Extracted Factors That
May Affect Pain When Pain State (After) was Evaluated
(n=71)

n (0/1)* Mean £ SD  Range
Sex, female/male 24/47
Age (y) 65 £ 10 35-84
Infection 33/38
Previous chemotherapy 7/64
Married 8/63
Bone metastasis 45/26
Outcome 47/24
Physical symptoms
Nausea 36/35
Vomiting 47/24
Constipation 33/38
Appetite 67/4
Dyspnea 48/23
Cough 48/23
Fever 29/42
Psychiatric symptoms
Depression 47/24
Delirium 44/27
Malaise 16/55
Sleep disorders 46/25
Confusion 43/28
Hallucination 4526
Sleepiness 39/32
Concomitant medications
NSAIDs 14/57
Steroids 39/32
Analgesic adjuvants 59/12
Daily dosage of opioid
Morphine IV mg 16.6 £81.6  0-670
Log (morphine IV mg) —0.18 £ 1.51 —2-2.8
Fentanyl patch pg 313 £4.7 0-20
Log (fentany! patch pg) —055+1.34 —2-14
Oxycodone p.o. mg 38 £9.16 0-40
Log (oxycodone p.o. mg) -137+1.29 —2-1.60
Liver function
AST, U/L 200.1 £ 545  8-4410
ALT, U/L 102.3 £230  7-1856
ALP, U/L 903 £ 875  66-4690
v-GT, U/L 187.6 £ 206.2 12-1018

Bilirubin, mg/dL 6.5+10.5 0.21-38.6
Kidney function

Serum creatinine, mg/dL 1.42 £ 1.43 0.28-8.54
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TABLE 1. (continued)

n (0/1)* Mean £ SD  Range

Other laboratory test items

Total protein, mg/dL 593 +£1.29 3.3-11.3

Hemoglobin, g/dL 9.13+213 3.1-13.3

Platelet, x 103/uL 176 £ 119 3-468
Type of cancer

Gastric 10

Esophageal 10

Pancreas 17

Liver 11

Gall bladder 4

Cholangiocarcinoma 3

Lymphoma 7

Myeloma 2

Others 7

*The binary scales were female =0 and male = 1 for sex,
death = 0 and hospital change or discharge = 1 for outcome, and
absent = 0 and present = 1 for others.

ALP indicates alkaline phosphatase; ALT, alanine aminotrans-
ferase; AST, aspartate aminotransferase; y-GT, y-glutamyltrans-
ferase; NSAIDs, nonsteroidal anti-inflammatory drugs; P.O.,
peros.

Evaluation of the State of Pain

Three kinds of the states of pain were evaluated by
interviewing the patients using a S-point verbal rating scale
(VRS; 0 = excellent, 1= good, 2 = moderate, 3 = poor,
and 4 = very poor).

The dependent variable (Y = after) was defined as the
state of pain just before hospital discharge or the last
opportunity of communication. The dependent variable
(Y = before) was defined as the state of pain on admission
when pain control was poorest. The dependent variable
(Y = before-after), improvement factor.

Statistical Analysis

Extraction of Variables

Variables were extracted in preparation for the
analysis of multiple factors concerning pain control by
regression analysis. The rating of pain on the VRS
(Y = after) was 0 in 28 patients, 1 in 29, 2 in 11, 3 in 3,
and 4 in none; the rating of pain on the VRS (¥ = before)
was 0 in 0 patients, 1 in 2, 2 in 12, 3 in 24, and 4 in 33; and
improvement factor (¥ = before-after) was 0 in 0 patients,
1in 8, 21in 31, 3 in 28, and 4 in 4 (Table 2).

The minimum number of patients necessary to form a
category of the dependent variable was 4 in the ordered
logistic regression analysis used in this study and fewer
patients were rated as 3 or 4 (Y = after). Therefore,
Y = after was recategorized into 3 levels: new level 0
indicates the original levels 0, new level 1 indicates the
original levels 1, and new level 2 indicates the original levels
2, 3, and 4 (Table 3). Similarly, improvement factor
(Y = before-after) was recategorized into 3 levels: new level
1 indicates the original levels 0 and 1, new level 2 indicates
the original levels 2, and new level 3 indicates the original
levels 3 and 4 (Table 4).

© 2008 Lippincott Williams & Wilkins
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TABLE 2. The Rating of Pain on the VRS (After, Before) and
Improvement Factor (n=71)

TABLE 4. Dependent Variable (Y=Improvement Factor):
Categorization of Data

Improvement

After Male Before Factor
VRS (Female) (Male, Female) (Male, Female)
0 28 (14) 0 0
1 29 (20) 2(D 8 (7)
2 11 (10) 12 (9) 31 (23)
3 3(3) 24 (12) 28 (15)
4 0 33 (25) 4(2)

VRS indicates verbal rating scale.

Table 1 shows the independent variables (X) extracted
from clinical records (retrospective survey). Binary scales
were female =0 and male =1 for sex, death =0 and
hospital change/discharge =1 for outcome, and no =0
and yes = 1 for other factors.

Analytical Procedure

Ordered Logistic Regression Analysis
(JMP 6: SAS Institute)

Ordered logistic regression analysis examines whether
changes in variable Y (dependent variable) can be explained
by changes in m variables (X, X5,..., X,,) (independent
variables). For example, changes in the dependent variable
Y are represented by the model: Y = by+b, X, + b, X0+ ... +
b,,X,, in multiple regression analysis and by the model:
log{Y/(1-Y)} = by+b X, + b X5+ ... +b,,X,, in logistic re-
gression analysis. In these models, b, is a constant member
in the equation and by, b,,..., b,, which represent the
relationship between Y and X; after elimination of the
effects among the independent variables, are called partial
regression coefficients. Regression analysis allows predic-
tion concerning unknown data by constructing a model
representing the phenomenon defined as the dependent
variable on the basis of available data. Also, by evaluating
the degree of the effect of each independent variable on the
dependent variable according to the partial regression
cocefficient, it allows the analysis of factors (independent
variables) that affect the dependent variable. In multiple
regression analysis, dependent variables are continuous
data, such as the concentration of a substance in blood, that
are assumed to be linearly related to the independent
variable. This concept of multiple regression can also be
used to simultaneously examine the relationships among 2
or more categorical variables. However, the relationships
among categorical variables are not simply linear, because
the ranges of their values are finite. Therefore, generalized

TABLE 3. Dependent Variable (Y= After): Categorization of
Data

Dependent Variable (Y) VRS No. Patients (71)
0 0 28
1 1 29
2 2,3,4 14

VRS indicates verbal rating scale.

- © 2008 Lippincott Williams & Wilkins

Dependent Variable (Y) Before-After No. Patients (71)

0,1 8
2 31
3 3,4 32

linear models are used. If quantitative variables are
included in independent variables, and if the dependent
variable is a categorical variable, logistic regression analysis
can be performed by applying a generalized linear model
through converting the probability that the value of a
categorical variable falls in a particular category (p) into log
{p/(1-p)}, which can take infinitely small to infinitely large
values (logit conversion). A logistic regression analysis can
be used for binary variables such as pain (present or
absent). If there are 3 or more categorical variables in this
study, ordered logistic regression analysis can be used.
Ordered logistical regression analysis was performed in this
study to efficiently use the variables (Y = after, before, or
improvement factor) extracted by means of a 5-point scale
and because a large number of factors (X in Table 1) are
involved in pain.

Leave-one-out Cross-validation (LOOCYV)

The ultimate objective of many multivariate analysis
procedures is to construct a model for the prediction of
related factors. In regression analysis, the relationships
between the quantitative properties of samples of a variable
(dependent variable) with those of 1 or more independent
variables are established as a model. A common phenom-
enon that requires caution in all regression analysis
procedures is that if the number of variables simultaneously
considered in the model (m) is excessively large, results that
“overfit” the data may be obtained to reduce the predictive
ability of the model. Also, if the number of samples of each
variable is insufficient, the reliability of the model is
impaired. Usually, the necessary number of samples (n) is
reported to be 5 to 10 times the number of variables ().
After the construction of a model by applying multivariate
analysis, the appropriateness of the model must be
confirmed by checking, for example, whether overfitting,
which was described above, has occurred.

Overfitting is a loss in the applicability of the model to
data other than training data (data used for the preparation
of a model) owing to overadjustment of the estimated
values of the parameter to training data in the learning
process of a categorization model using many parameters.
To avoid overfitting, parameters must be selected using
cross-validation, according to the precision of categoriza-
tion of the test data prepared for the measurement of the
predictive ability using data other than the training data.

Cross-validation means dividing data into 2 parts,
preparing a model using one of them as training data, and
examining the predictive ability of the model using
the other part as test data. It is a technique to evaluate
the number of variables used and predictive ability of the
model equation itself. The procedure of LOOCV used in
this study was as follows. First, 1 sample is temporarily
excluded from the training data and a model is constructed
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using the remaining training data. By employing this model,
the dependent variable of the excluded sample is predicted,
and the difference between the actual and predicted values
of the dependent variable is recorded. Thereafter, the
excluded sample is returned to the training data, another
sample is excluded, a new model is constructed, and a new
predicted value and its difference compared with the actual
value are obtained. This process is repeated until all
samples have been excluded once each. The optimal model
can, thus, be selected from multiple models by comparison
of the predictive ability.
Statistics and criteria used for this comparison are
described as follows.
1. The percent accuracies of the model using test data by
LOOCV.
2. Spearman rank correlation coefficients
according to the following expressions.

calculated

2 65°d
R)=1--—7"—
d = the difference between each rank of corresponding
values of x (= observed value) and y (= the predicted
value), and n = the number of pairs of values.

RESULTS

Course of Analysis and Results

First, to accurately preserve the model, independent
variables unnecessary for expressing the data as a model
were excluded by calculating the percent accuracy. In-
dependent variables were further screened by examining the
multicolinearity, which occurs when there are correlations
among independent variables and leads to the preparation
of inappropriate models. As a result, 23 independent
variables could be selected (Table 5) and the accuracy was
53/71.

Independent variables were further eliminated by
estimating the optimal model on the basis of the evaluation
of the predictive ability by LOOCV. A program to perform
LOOCV by ordered logistic regression analysis was coded

by us, and the optimal model was predicted by calculating
the percent accuracy of the prediction results and Spearman
rank correlation coefficients between the actual dependent
variable and prediction results.

In the process of reducing independent variables one
at a time from the 23, the calculation program stopped
when all variables had been applied. Therefore, we divided
the 23 independent variables into 4 categories consisting of
6, 6, 6, and 5 variables and further eliminated them. The 4
categories were established by combining independent
variables considered to be most closely interrelated and
distributing independent variables considered to affect pain
control among these categories markedly.!? For example,
category A includes characteristics of patients (eg, sex), B
includes physical factors (eg, nausea), C includes psycho-
social factors (eg, depression), and D includes laboratory
test values (eg, bilirubin). Eliminated independent variables
varied according to how they were categorized and the
results were unreliable. Therefore, we decided to extract
necessary independent variables rather than eliminate
unnecessary ones. The predictive ability was calculated first
in all models in which only 1 variable was used and by
adding 1 variable to the models in all possible combina-
tions. As a result, independent variables that always
remained (sex, bone metastasis, and nausea) could be
determined when the number of independent variables used
in the models was increased to 3-6. The results are shown
below.

Procedure 1 [Y=After, Selection of Variables (X)
When the Number of Variables was Increased to 5]

Among the combinations of 5 independent variables
that gave the highest accuracy (41/71), Spearman rank
correlation coefficient was highest (0.516) for the combina-
tion of sex, bone metastasis, nausea, sleep disorders, and
cough. Ordered logistic regression analysis was performed
using these independent variables. As a result, nausea, sex,
and bone metastasis were significant (Table 6).

Spearman rank correlation coefficient was highest
(0.538) for 8 combinations, all of which included sex, bone

TABLE 5. 23 Independent Variables that Remained After Elimination

Scale of
Variable Selected (23 Variables) Eliminated (15 Variables)
Binary Previous chemotherapy, sex, marriage, bone metastasis, Infection
outcome
Physical symptoms: nausea, appetite, cough, fever Physical symptoms: nausea, constipation, dyspnea
Psychiatric symptoms: depression, sleep disorders, Psychiatric symptoms: delirium, malaise, confusion,
sleepiness and hallucination
Concomitant medications: NSAIDs, steroids, analgesic
adjuvants
Continuous Age Opioid: daily dosage of morphine, fentanyl and

Opioid: log (daily dosage of fentanyl and oxycodone)

Liver function: ALT, bilirubin
Kidney function: Serum creatinine

oxycodone, log (daily dosage of morphine)
Liver function: AST, ALP, y-GT
Other laboratory test items: platelet

Other laboratory test items: total protein, hemoglobin

ALP indicates alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; y-GT, y-glutamyltransferase;

NSAIDs, nonsteroidal anti-inflammatory drugs.
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TABLE 6. Result of Procedure 1-1 (Y= After, Selected Variables When the Number of Variables was Increased to 5 on the Basis of
the Percent Accuracy (Accuracy: 41/71, Spearman Rank Correlation Coefficient: 0.516)

Confidence Interval of Odds Ratio

Ttem Estimated Value Standard Error  y?Value P Odds Ratio Lower 95% Upper 95%
Sex 0.749 0.273 7.491 0.0061%* 2.116 1.262 3.691
Bone metastasis 0.787 0.267 8.678 0.0032* 2.198 1.314 3.797
Nausea 0.553 0.259 4.561 0.0326* 1.738 1.054 2.947
Sleep disorders 0.297 0.262 1.284 0.2571 1.346 0.806 2.259
Cough —-0.123 0.273 0.204  0.6507 0.883 0.510 1.498

*P <0.05.

metastasis, and nausea (total protein, fever, depression,
cough, sleepiness, nonsteroidal anti-inflammatory drugs,
and steroids were also included in some of them), and the
accuracy was 39/71. As a result of ordered logistic
regression analysis using these independent wvariables,
nausea, sex, and bone metastasis were also significant
(Table 7).

Procedure 2 [Y=After, Selection of Variables (X)
When the Number of Variables was Increased to 6]

Spearman’s rank correlation coefficient was highest
(0.545) for the combination consisting of sex, bone
metastasis, nausea, alkaline phosphatase, outcome, con-
stipation, and appetite, and the accuracy was 39/71.
Ordered logistic regression analysis was performed using
these independent variables. As a result, sex and bone
metastasis were significant (Table 8).

Procedure 3 (Y=Improvement Factor)
Improvement factor (¥ = before-after) was also eval-
uated. Similarly to the process performed when the final
state of pain (Y = after) was selected as the dependent
variable, the percent accuracy and multicolinearity were
examined and variables were eliminated by LOOCV. As a
result, sex, nausea, steroids, and log (daily dosage of
morphine) (accuracy, 40/71; Spearman rank correlation
coefficient, 0.328) were selected when the number of

variables was increased to 4. When ordered logistic
regression analysis was performed using these variables as
independent variables, only sex was significant (Table 9).

DISCUSSION

The result of ordered logistic regression analysis
revealed cancer pain to be significantly correlated with
nausea, sex, and bone metastasis. As shown in Tables 6 to
8, the odds ratio (OR) indicated that pain is exacerbated
when the patient is male and has nausea and bone
metastasis. The data distribution of these 3 independent
variables was 47:24 (male:female) for sex, 35:36 (presen-
t:absent) for nausea, and 26:45 (present:absent) for bone
metastasis, showing no marked disparity between the
categories.

Bone metastasis was significantly correlated with
cancer pain. There has been no previous study in which
the relationship between bone metastasis and cancer pain
was statistically analyzed, but bone metastasis is widely
perceived in palliative medicine as the greatest factor that
impairs the quality of life.'>"'* External irradiation is a
standard pain control treatment for bone metastasis, but
internal radiotherapy is also considered in patients with
multiple bone metastases to reduce their burden.'¢'?
Recently, a report that bisphosphonate is also effective
for pain relief has attracted attention, but the evidence is

TABLE 7. Result of Procedure 1-2 (Y= After, Selected Variables When the Number of Variables was Increased to 5 on the Basis of
Spearman Rank Correlation Coefficient (Accuracy: 39/71, Spearman Rank Correlation Coefficient: 0.538)

Confidence Interval of Odds Ratio

Item Estimated Value Standard Error y*Value P Odds Ratio Lower 95% Upper 95%
Sex 0.842 0.283 8.805 0.0030* 2.322 1.367 4.144
Bone metastasis 0.861 0.275 9.769 0.0017% 2.367 1.392 4.187
Nausea 0.666 0.293 5.147 0.0232* 1.948 1.088 3.615
Total protein —0.026 0.051 0.255 0.6129 0.974 0.886 1.081
Fever 0.107 0.318 0.112 0.7372 1.112 0.589 2.102
Depression —-0.232 0.301 0.595 0.4401 0.792 0.425 1.443
Cough —0.125 0.329 0.145 0.7027 0.881 0.446 1.699
Sleepiness 0.076 0.283 0.072 0.7875 1.079 0.617 1.882
NSAIDs 0.012 0.322 0.001 0.9679 1.013 0.522 2.013
Steroids 0.040 0.256 0.024  0.8752 1.041 0.624 1.738

*P <0.05.

NSAIDs indicates nonsteroidal anti-inflammatory drugs.
© 2008 Lippincott Williams & Wilkins 69
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TABLE 8. Result of Procedure 2 (Y=After, Selected Variables When the Number of Variables was Increased to 6 on the Basis of
Spearman Rank Correlation Coefficient (Accuracy: 39/71, Spearman Rank Correlation Coefficient: 0.545)

Confidence Interval of Odds Ratio

Item Estimated Value Standard Error  y2Value P Odds Ratio Lower 95% Upper 95%
ALP 0.0001 0.0002 0.347  0.555 1.000 0.999 1.000
Sex 0.7734 0.2848 7.372  0.006* 2.167 1.267 3.874
Outcome —0.2769 0.2812 0.969 0.324 0.758 0.429 1.312
Constipation 0.2347 0.2593 0.819 0.365 1.264 0.760 2.110
Appetite loss —0.0482 0.5401 0.007  0.928 0.952 0.308 2.833
Bone metastasis 0.7390 0.2670 7.660 0.005% 2.093 1.254 3.604
Nausea 0.4772 0.2640 3.266 0.070 1.611 0.971 2.733
*P < 0.05. ‘

ALP indicates alkaline phosphatase.

still insufficient. Research on optimal palliative therapy for
bone pain in which approaches including chemotherapy
and radiotherapy are combined is anticipated.?>22

There have been a number of reports on sex differences
in pain sensitivity.?>=>® Among their reports that there is a
sex difference in the sensitivity of x-opioid receptors, and
that, because of their higher sensitivity, k-opioids produce
stronger analgesic effects in females.?”*® On the other
hand, many reports concluded that there is no sex
difference, or females more frequently report pain, in many
chronic pain types, including cancer pain.?'=%0 In the study
of the differences between women and men in their
experience of cold-pressor pain, Keogh et al reported that
women who concentrated on the emotional aspects of their
pain may actually experience more pain as a result, possibly
because the emotions associated with pain were nega-
tive. I3 Hau et al found that “testosterone reduced
responsiveness to nociceptive stimuli in a wild bird.*#” It
was demonstrated that analgesic drugs such as morphine
activated GIRK?2. Thus, the male has higher threshold of
tolerable pain because GIRK?2 in male was present more
than in female.*>*® Moreover, there are many studies that
proved the involvements of individual variations were
larger than the sex differences in threshold of tolerable
pain.*7* We know that women’s pain threshold varies
across the menstrual cycle.®® Pain caused by cancer is
multifaceted!? and more, for example, is very different to
that caused by physical injuries. However, as our study
showed that cancer pain is exacerbated when the patient is

male significantly for the first time, it may become a preface
of the new discussions on sex differences in pain sensitivity
in terminal cancer patients.

Unexpectedly, only nausea remained among many
symptoms observed in terminal cancer patients. Patients
having poorly controlled pain may more often report
unpleasant symptoms such as “pain” and ‘sickness.”
Reports pain may also be related to the degree of patient
satisfaction, that is, they may more often report pain when
they are dissatisfied. Among previous studies, Meuser et
al’! discussed the importance of symptomatic relief in the
treatment of cancer pain. This study indicated that the
alleviation of nausea leads to better pain control. Multi-
variate analysis using nausea as the dependent variable and
adding medication history including antiemetics and anti-
cancer agents and opioids as independent variables is
considered to be meaningful for further clarification of
causative factors of nausea.

When independent variables were reduced one by one
from the initial number of 23 in LOOCYV, the calculation
program stopped when all variables had been entered. As
this program was designed to predict the optimal variable
by changing the coefficient little by little, the number of
variables that can be handled by the program may be
surpassed if there are too many variables for the number of
data, leading to a suspension of the calculation.

In the selection of independent variables by LOOCV
for multivariate analysis using “after” as the dependent
variable, sex, bone metastasis, nausea, alkaline phospha-

TABLE 9. Results of Procedure 3 (Y=Improvement Factor)

Estimated Standard

Confidence Interval of Odds Ratio

Item Value Error ¥*Value o Odds Ratio Lower 95% Upper 95%
Sex —0.603 0.260 5.369  0.0204* 0.547 0.321 0.898
Nausea —0.209 0.240 0.757  0.3840 0.811 0.500 1.300
Log (daily dosage of morphine) —0.161 0.161 1.004 0.3162 0.850 0.614 1.160
Steroids —0.206 0.237 0.757  0.3842 0.813 0.509 1.291

*P < 0.05.

(Accuracy: 40/71, Spearman rank correlation coefficient: 0.328).
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tase, outcome, constipation, and appetite were included in
the combinations that showed satisfactory results when the
number of independent variables in the model was
increased to 6. When ordered logistic regression analysis
was performed using these 7 variables, nausea was not a
significant variable. The inclusion of the 7 variables may
have reduced the significance of nausea.

In multivariate analysis using the improvement factor
as the dependent variable, Spearman rank correlation
coefficient was low at 0.328. As the improvement factor
was a variable prepared on the basis of a binary expression
of subjective pain as “after’ or “before,” its use in objective
evaluation may have been difficult. Selection of the
dependent variable is difficult for the objective evaluation
of subjective pain. To further improve correlation coeffi-
cients, other nonlinear regression analysis methods such as
generalized additive models and logistic partial least
squares analysis need to be evaluated.

As a result of this study, sex, bone metastasis, and
nausea were factors that prevent pain relief. The effects of
analgesics, which are reported to be affected by genetic
factors, remain largely unclear, and our results do not
explain everything. However, statistical identification of
sex, bone metastasis, and nausea as factors that prevent
pain control is considered to contribute to the establish-
ment of EBM in pain relief and palliative care.
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