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Radiation therapy induced fatigue is a common early and chronic side
effect, reported in up to 80% and 30% of patients during radiation therapy
and at follow-up visit, respectively. The etiology of radiation therapy
induced fatigue are still not understood, and in many studies the degree
and time course of fatigue was shown to depend on site of tumor and
treatment modalities. Fatigue is the major affect of quality of life more
than pain, sexual dysfunction and other cancer or treatment related
symptoms. Factor contributing to fatigue including anemia, weight loss,
fever, pain, medication and infection; and their natural nataghists , such
as IL-1,I1-2, TNF-a and interferon.

In our preliminary data, 45 hepatoma patients undergoing stereotactic
radiotherapy( 2 Gy/ day, 5 fractions/ week, total of 50 Gy) were shown
that their fatigue intensity, fatigue duration and fatigue interference were
significantly increased during treatment course.

There are 7 cytokines(IL-1b ~ IL-2 ~ IL-6 ~ IL-8 ~ IL-10 ~ IL-12 ~ TNF) of
20 cancer sera were analyzed and their concentration is 1.5 to 6.5 times
higher than normal sera. This shows that radiotherapy-induced fatigue
may correlate the changes of level of cytokines, besides duration of
treatment or time-dose factor in radiotherapy is also an important factor.

The cytokines(IL-1b ~IL-2 ~ IL-6 ~ IL-8 ~ IL-10 ~ IL-12 ~ TNF) of sera from
hepatoma cancer patients were analyzed during the 6 weeks of
radiotherapy, and Brief Fatigue Inventory- Taiwan Form (BFI) was used
to score of fatigue in cancer patients receiving radiotherapy. The
cytokines concentration of patient sera were higher than normal sera.
Some changes of cytokines concentration positively related to the scale of
fatigue.

The alteration of cytokines concentrations in these 13 samples might be
affected by many factors that could not be manipulated by this
experiment. However the data show that there are correlation between
IL-2, IL-6, IL-8 and fatigue. Since fatigue is one of the most common
long-term radiotherapy side effects, numerous patients continue to seek
information. This study need further investigation to identify the
correlation of the fatigue and cytokines and the mechanism of cytokines
to fatigue.

Key Words: Cytokines, Fatigue, Radiation therapy, Hepatoma
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Many cytokines have been cloned and administered to patients. (1) (Figure 1)
Several of these cytokines produce fatigue, malaise, fever, weight loss, and night
sweats. For example, interferon produces neurasthenia, a neurologic fatigue
suggestive of frontal lobe changes. This fatigue manifests as loss of motivation. (2]
Varieties of distressing symptoms debilitate cancer patients and contribute to their
profound fatigue. These symptoms include malaise, B-symptoms(weight loss, fever,
and sweats), pruritus, pain, depression, and loss of appetite. These symptoms may
predate the diagnosis of cancer or they may be the first harbinger of relapse. Some of
these symptoms can also by therapeutic intervention or infection, but many are
intrinsic to cancer. Regardless of the underlying cause, cytokines are crucial
contributors to many of these symptoms (Table 1), and most of the symptoms
correlate or combine with fatigue, that means “symptoms cluster”.

Figure 1. Pathway of Cytokines. Contributed By Glenn Croston, PhD
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TABLE 1}
Cancer-Related Fatigue: Contributing Pactors

Conributing factors Cytokines deregulated

Ansrmin Eryrtheapoletin
IL-1
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TNF
Webdn lovs TNF
IL-1
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Lewkoemis inhibitory factor
Fevar (| 9 ]
[L-5
merferan
TNF
Infection I |
-6
10
{urerferon
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It is possible that fatigue in cancer patients can be ameliorated by soluble
receptors, receptor antagonists, or other cytokine inhibitors. It is because cytokines
also enhance the growth of cancer cells and disturb immunosurveillance, cytokine
antagonists may have antitumor effects.

Radiotherapy has been reported to induce “early fatigue”(occurring during
treatment or shortly after) in up to 80% of patients. (4,5,6 ) This early fatigue is
often accompanied by loss of appetite, nausea and vomiting and constitutes Acute
Radiation Sickness. In about 30% of cases it can last long after the completion of
treatment (chronic fatigue). (4,5,6)

Since about 50% of cancer patients receive either curative or palliative radiation
therapy during the course of their disease, one can easily assess that up to 40% of all
oncological patients will suffer from radiotherapy-induced fatigue. Such high
prevalence of this symptom warrants its good understanding by all medical and
nursing staff dealing with the cancer patients. The real prevalence of
radiotherapy-related fatigue is not well know. (Table2) (7]

There are only few studies comparing the levels of fatigue in cancer patients
undergoing radiotherapy and in general population or patients treated with other
modalities. For example, in the breast cancer patients higher fatigue level has been
observed in the women treated with chemotherapy or chemotherapy and irradiation
when compared to women treated with surgery with or without radiotherapy. (8)
However, these differences in fatigue levels in breast cancer patients were not
significant in the multifactorial analysis. (8)

Definitely, the studies including patients receiving irradiation for being diseases
could elucidate the prevalence and etiology or radiotherapy-related fatigue. However,
even large series do not report any data on fatigue, which can partially be explained
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by lower radiotherapy doses and smaller fields employed for such treatment. (9)
Knowledge on the therapeutic options in management of radiotherapy-induced fatigue
is still limited, however a few randomized studies have been recently published.
Significant reduction in fatigue, tension, depression and anger was observed in the
out-patients undergoing curative or palliative radiotherapy assigned randomly to
relaxation therapy when compared to the control conditions. (9]

Since fatigue is one of the most common long-term radiotherapy side effects,
numerous patients continue to seek information. (10 ] This study related the

cytokines , especially 1L-6, with fatigue.

TABLE2. {7}

Potential causes of radiotherapy-related fatigue in cancer patiends

Biochemical factors

Serum interteukins

Reverse triiodothyronine

Decline in neuromuscular efficiency
Physical factors

Pulse change with orthostatic stress
Psyehological disturbances

Stress

Sleep disturbances

Depression

Anxiety

Radiotherapy complications
Myelosupression

Diarrthea

Malnutrition

Dehydratation

Electrolite disorders

Dyspnea

Nausea/vomniting

Honmonal or immune insufficiency
Change in weight

Concomitant or pre_ious therapies
Chemotherapy

Hormonotherapy

Biologic response modifiers (for example, interferone)
Surgery

Pharmacological therapy {for example, analgesics)
Co-existing morbidifies

Pain

Myelosupression

Anemia

Infection

Malnutrition

Pehydratation

Electrolite disorders

Concomitant diseases (for example, heart or renal insufficiency)
Izunobilization (functional disability)

The goal of this exploratory study is to assess changes in the levels of cytokines
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in the plasma during radiotherapy for hepatoma patients and correlate these changes
with subjective symptom of fatigue. Hepatocellular carcinoma is a common
malignancy in Taiwan. Recently, stereotactic radiotherapy is one of the new treatment
modality for this disease[11]. However, there still do not have study focused on the
changes of fatigue level in patients receiving this treatment. Our hypothesis was that
radiotherapy induces the release of cytokines which in turn contribute .to acute and
transient flu-like side effects. At baseline, all subjects had measurable level of IL-1B,
IL-12, TNF, IL-10, IL-6, IL-8, IL-2 in the serum. Then the baseline levels of
cytokines were compared with cumulative radiation dose.

As shown in Figure 2 (13 there are several potential targets for therapeutic
interventions of fatigue. Novel interventions that target cytokines and other potential
mediators (especially interventions for which the mechanisms of action are

understood and can be monitored.)
“Treatments that faciiitate | immunocytes [(immunologie freatments |

endogenous fesdback
" Cytokine sis
Glucocorticoida m TNE-« receptor

Altored ondocring
function

Pain Narcotics / anatgesics
Gastrolntestina) A onen Bochn

Fm"m Nutritio al &m;lemtaﬁon
Cognitive impairmant Psychoberapy /rehabikiation
M;;iy ° fmps PrSSENSD

Deprassion

Figure 2. Treatment strategies for cancer-related symptoms. Sites for the
implementation of treatments directed at the sickness response circuit are shown. (1)
Immunologic treatments (such as soluble receptors of TNF-a and IL-1 receptor
antagonists) that are designed to inhibit cytokine signaling directly, or treatments that
block downstream mediators of inflammation, including prostaglandins, nitric oxide,
and substance P; (2) neurobiologic treatments that target central nervous system (CNS)
mediators of behavioral alterations including the monoamines and
corticotropin-releasing hormone (CRH); (3) symptomatic treatments (such as

narcotics for alleviation of pain, stimulants to combat fatigue, antidepressants for
relief from depression) that address the ultimate manifestations of upstream mediators;
and (4) treatments designed to take advantage of the normal endogenous feedback
circuits that limit sickness responses in settings such as viral illness. CNS: central
nervous system; CRH: corticotropin-releasing hormone; COX: cyclooxygenase; NOS:
nitric oxide synthase. Figure after A. H. Miller. (13
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It may become possible to apply new and existing medications to immunologic
and neurobiologic targets, rather than to specific symptoms. Therapeutic interventions
that target cytokines and their receptors are highly promising candidates for
suppressing and perhaps even protecting against the development of cancer-related
symptoms. Challenges to developing such therapies will include ensuring that the
therapies do not exacerbate the cancer by weakening the patients' immunologic
surveillance for cancer cells and that they do not increase the likelihood of
problematic infections.

Researchers have proposed that 1 possible explanation for the development of
fatigue in cancer patients is the increased secretion of proinflammatory cytokines in
response to both the disease itself and the treatment. proinflammatory
cytokines-interleukins, interferon,or tumor necrosis factor-are proteins that mediate
cell-to-cell communication. (14 Herskind and others ([ 15) reported that they are
released in greater amounts in patients with cancer as part of the host response to the
tumor, in response to tissue doseage, or due to depletion of immune-cell subsets
associated with treatment for the disease. Fatigue is also one of the most common
symptoms of cancer radiotherapy,with the level of fatigue influenced by the daseage
of radiotherapy.



Specific Aim: Correlation between changes in symptoms of fatigue
during radiotherapy and changes in cytokines level.

Materials and methods:

Study Population

The study population consisted of Hepatoma patieats who received stereotatctic
radiation therapy (50Gy, 2 Gy/fraction, Sdays/week). Other inclusion criteria were
that the patients gave informed consent, had the ability to understand, speak, and read
Chinese , and understood the purpose of the study as well as the testing procedures
involved. The exclusion criteria were evidence of dementia or a known history of
psychiatric disorder.

Study variables and Instruments
Hepatoma for stereotactic radiotherapy protocol:
1. Trial Eligibility: Tumor criteria
.Unresectable primary hepatocellular carcinoma
_Post-TAE failure
. PV thrombosis
_ Tumor diameter>6 cm combined with TAE

2. Trial Eligibility: Patient criteria
Acceptable bleeding tendency (PT and PTT increase < 2.5x10)
. Liver cirrhotic Child A-B

3. Definttion of Liver Volume

Karonofsky performance scale>60
Estimated life span =6 months

Adequate bone marrow function (total granulocytes >1,500/ i L; platelets>4 x 10
Adequate liver function (GOT and GPT increase <5x10)

Total liver volume:The liver parenchyma excluding gall bladder, IVC, porta hepatis

Planned treated volume: Determined from dose planning distribution, 2 30-Gy liver
volume minus tumor volume

Fatigue & The Brief Fatigue Inventory

Fatigue was measured with a Brief Fatigue Inventory-Taiwan Form ( BFI) .

The Brief Fatigue Inventory (Mendoza, Wang, Cleeland, et al., 1999) (BFI)
was developed in the Pain Research Group by Charles S. Cleeland, Ph.D to
measure fatigue in cancer populations and to determine how much the disease and

10
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treatment influence fatigue. It consists of 9 items on a single page. Fatigue and its
interference are measured on numeric scales from 0-10. There are four items that
describe patient fatigue at its WORST, LEAST, USUAL and NOW during the
normal waking hours, with 0 being “no fatigue”, and 10 being fatigue “as bad as
you can imagine”. Seven items describe how much fatigue has interfered with
different aspects of the patient’s life during the past 24 hours. These items include
general activity, mood, waking ability, normal work (includes both work outside
the home and housework), relations with other people, ability to think clearly, and
enjoyment of life. The interference is measured with 0 being “does not interfere”,
and 10 being “completely interferes”. The instrument also uses descriptors for
fatigue, ‘weariness’ and ‘exhaustion.’

The validation of BFI was modeled on the work of the Pain Research Group in
developing and validating the Brief Pain Inventory (BPI), a measure that has been
used to assess the severity and interference of cancer pain in various cancer
populations in both clinical and research settings. A unique feature of the work on the
BPI has been to develop ranges of scores on the 0-10 scale for pain that correspond to
what is typically meant by mild, moderate or severe (Serlin, Mendoza, Nakamura,
Edwards, Cleeland, et al., 1995). The mild category on the BPI is 1-4, moderate is 5-6,
and severe is 7 or greater. We also found range scores in fatigue severity in our work
with the BFI. Severity ratings could be thought of as forming two groups, “severe”
and “non-severe”, and that, similar to the BPI, patients rating their worst fatigue at 7
or greater are considered to have “severe” fatigue. This similar range for fatigue
enhances the performance of both epidemiologic and clinical studies of fatigue.

In this study, the Vigor and Fatigue subscales of the POMS are selected for the
validation packet. The Vigor and Fatigue subscales have been shown to demonstrate
good internal consistency (K-R20=0.89 and 0.94, respectively), adequate test-retest
reliability (r=0.65 and 0.66, respectively, over an average 20-day period), and good
construct validity in multiple empirical investigations. The information on factors that
may influence fatigue scores for this individual group of patients will be collected in
the checklist which includes patient demographic, disease, and treatment information,
and laboratory test results.

Cytokines (IL-1B, IL-12, TNF, IL-10, IL-6, IL-8, 1L-2)
Peripheral venous blood samples were drawn intosterile endotoxin-free blood
collection tubes. The tubes were centrifuged for 20 mins at 3000 rpm at 4°C. The

plasma samples were frozen at-70°C until the analyses were performed. Plasma levels
of IL-1B, IL-12, TNF, IL-10, IL-6, IL-8, IL-2 were determined by an ELISA

procedure using recombinant proteins to construct a standard curve.

11
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All potential participants received verbal and written information and gave verbal
consent. The data were collected before start of radiotherapy, two weeks interval
during radiotherapy. Finally, cytokines were measured 1 week after the completed
radiotherapy. Patients completed the BF]I at baseline (i.e.,before radiotherapy
treatment began) in a private room at the hospital. They completed the questionnaire
after 2 weeks and 4 weeks when they were visiting the radiation unit. Blood samples
to be used for analysis of cytokine and hemoglobin levels were taken the same day as
the fatigue measurements in connection with the participants’ visits to the hospital.

12



st Eimht -

X

A preliminary data were collected from December 2001 to May 2002. A total of
45 eligible subjects were recruited from two teaching hospitals in Taipei. Five patients
were excluded due to expire or dropout from this study. Forty eligible patients
finished the seven weeks study. Fatigues index were evaluated by questionnaire of
Fatigue Symptom Inventory (FSI) which measured the fatigue intensity, fatigue
duration and fatigue interference weekly. Hb, Ht, WBC and Platelet were measured
weekly for 7 weeks. Besides, AST, ALT and albumin blood index were measured one
week before radiation therapy and at week 2, week 4 and week 6 during treatment.
Data were analyzed by SPSS computer program.

All the subjects in this study had mild fatigue in the beginning of the treatment.
Their fatigue intensity, fatigue duration and fatigue interference were significantly
increased from pre-treatment to the 5" week except the 3" week. The peak level of
fatigue occurred in the 5" week and it decreased since the 6 week {p<0.01){Fig. 2).
Blood Hb, Ht, WBC and platelet level descended gradually to abnormal along with
treatment (p < 0.05), but the blood AST and ALT level rise along with the treatment.
Though the blood albumin level decreased, it was in normal range. No significant

correlations between fatigue level and laboratory data were found.
7 1
6 -

BT R B K B

Figure 3. Days of fatigue during radiation therapy

Fatigue was a commonly experienced problem in hepatocellular cancer patients
receiving stereotactic radiotherapy. Part of the hematology study data change during
treatment. The results of this study can provide the clinical personnel information
about the change of fatigue level in hepatocellular cancer patients receiving
stereotactic radiotherapy.

For the status of the patients had the symptom of fatigue, the time course was shown
in Fig.4. Patients started to had the fatigue symptom worse than the baseline
immediately after treatment and reached the peak at 5™ week after treatment.

13
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Fig. 4. Time course of the fatigue symptom.

There are 7 cytokines(IL-1b » IL-2 ~ IL-6 ~ IL-8 ~ IL-10 ~ [L-12 ~ TNF) of
20 cancer sera were analyzed but only 13 samples were suitable for
analyses. Their concentration is 1.5 to 6.5 times higher than normal sera.
This shows that radiotherapy-induced fatigue may correlate the changes
of level of cytokines, besides duration of treatment or time-dose factor in
radiotherapy is also an important factor.

The cytokines(IL-1b ~IL-2 ~IL-6 ~ IL-8 ~ IL-10 ~ [L-12 ~ TNF) of sera from
hepatoma cancer patients were analyzed during the 6 weeks of
radiotherapy, and Brief Fatigue Inventory- Taiwan Form (BFI) was used
to score of fatigue in cancer patients receiving radiotherapy. The
cytokines concentration of patient sera were higher than normal sera.
Some changes of cytokines concentration positively related to the scale of
fatigue.

The alteration of cytokines concentrations in these 13 samples might be
affected by many factors that could not be manipulated by this
experiment.

Fig 5 The concentration of 7 kinds of cytokines in liver cancer sera in 6 weeks afier
radiation-therapy treated.

14
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1. The average concentration of 7 kinds of cytokine of cancer samples is higher than
normal samples

Table 3. The average concentration {ng/ml) of 7 kinds of cytokine in sera of normal
and 40 cancer samples.

IL-1b IL-2 IL6 IL-8 IL-10 IL-12 TNF

Normal| 36.7+2.6 | 12.2£20. | 102.8153.1 | 18.7£25.6 | 406.4175.3 | 400.1+41.5 | 11116.7
cancer| 12158113 | ee o | 655747334 | 122.4£146.0 1059.6£56 | 636.9+473. | 351.1£338.
factor | 3.3£3.0 5.319.2 6.3+7.1 6.5+7.8 26+1.3 1.541.1 3.1+3.0

The concentration of 7 kinds of cytokines of cancer sera is 1.5 to 6.5 times higher than
normal sera as shown in table 1, though the derivation is quite large. However, this
implies some connection between cytokines and fatigue of cancer patient.

2. The change of cytokines of 13 liver cancer sera after radiation treated in 6 weeks
The concentration of 7 kinds of cytokines in liver cancer sera in 6 weeks were shown
in fig 1. The patient H13 shows the concentration of 7 cytokines raised greatly at
second week and sustained to sixth week and Brief Fatigue Inventory- Taiwan Form

(BFI) also shows the same change. The connection between fatigue and IL-8, IL-10
and IL-1b of sample H06 and HO8 also shows the trend.

3. The cytokines concentrations change of these 13 sample might be affected by many
factors that could not control by this experiment. However the data show that there are
close correlation between cytokines and fatigue. We are planning to use more cancer
sera to investigate this correlation and using cell lines under well experiment control
to study the relationship of cytokines and radiation therapy. Since fatigue is one of the
most common long-term radiotherapy side effects, numerous patients continue to seek
information. Thus , support and guidance provided by healthcare givers are essential.

19
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From the data measured for the irradiated hepatoma patients, the results did not show
closely correlation between the severity of fatigue and the elevation of particular
cytokines. It can be caused by the results of complex in vivo condition and the
difference between microenvironment in the liver and the serum that we collected
from the systemic blood. Other possible reasons included the sensitivity of the tests
and the techniques of individual technician who did the tests. However, these result
show the correlation of cytokines and fatigue, but more investigation need to be done
to find out the mechanism of cytokines on fatigue.

20
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