Drug fever after cancer chemotherapy is most commonly observed

on post-treatment days 3-4
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ABSTRACT

Background: This study was undertaken to analyze the
characteristics of fever after cancer chemotherapy in order to reduce the
unnecessary medical care.

Methods: Retrospectively, 1,016 consecutive cycles of cancer
chemotherapy were analyzed. Fever was defined as a temperature of >37.5°C
lasting for 1 hour. Age, sex, tumor histology, the treatment regimen, the
timing of fever onset, the number of days for which the fever persisted, the
cause of the fever, the presence or absence of radiotherapy, and the use of
granulocyte colony-stimulating factor (G-CSF) were examined.

Results: The patients included 748 males and 268 females (median
age=68, range=29-88), of whom 949, 52, and 15 were suffering from lung
cancer, malignant pleural mesothelioma, and other diseases, respectively.
Fever was observed in 367 cycles (36%), including 280 cycles (37%) involving
males and 87 cycles (32%) involving females. Fever occurred most commonly
in 1st cycles and was higher than later cycles (41% vs. 30%, p<0.001). Fever
occurred most frequently on post-treatment days 4 (8%), 3 (7%), and 12 (7%),
and the distribution of fever episodes exhibited two peaks on post-treatment
days 3-4 and 10-14. Fever on post-treatment days 3-4 was most commonly
observed in patients treated with gemcitabine (20%) or docetaxel (18%). The
causes of fever included infection (47%; including febrile neutropenia [24%]),
adverse drug effects (24%), unknown causes (19%), and tumors (7%).

Radiotherapy led to a significant increase in the frequency of fever (46% vs.



34%, p<0.001). Thirty-three percent of patients received G-CSF and the
incidence ratios of fever were higher than that of who were not received (44%
vs. 31%, p<0.001).

Conclusion: The febrile episodes that occurred on post-treatment
days 3-4 were considered to represent adverse drug reactions after cancer
chemotherapy. Physicians should be aware of this feature of
chemotherapy-associated fever and avoid unnecessary examination and

treatments including prescribing antibiotics.



INTRODUCTION

Research on fever after cancer chemotherapy has mainly focused on
the management of infections because serious infections that develop in
neutropenic cancer patients who are receiving cytotoxic chemotherapy (1-3)
and with angiogenesis inhibitors like bevacizumab (4) can have significant
consequences. However, fever is the sole symptom in 3 to 6% of cases of
adverse drug reactions (5-8), and the risk of developing drug fever increases
with the number of drugs prescribed. In cases of drug fever after cancer
chemotherapy, if antibiotics are prescribed due to a fear of infection the
patient’s fever will not improve and could become worse, which could result
in undesirable consequences including extra testing, unnecessary therapy, a
longer hospital stay, and the development of drug-resistant bacteria. Despite
the importance of drug fever after cancer chemotherapy, there has been little
research about it, and there are no reliable data about its incidence.

Thus, we conducted a retrospective analysis of episodes of fever that
occurred after cancer chemotherapy. The main objectives of this study were
to determine the characteristics of such fever episodes and to find a way of
discriminating between drug and neutropenic fever after cancer

chemotherapy.

PATIENTS AND METHODS



The subjects selected for this study were consecutive admitted
patients treated at the Department of Respiratory Medicine, Kawasaki
Medical School Hospital, between April 2004 and March 2007 or at the
Division of Respiratory Disease, Department of Internal Medicine, Nagasaki
Municipal Hospital, between April 2007 and December 2008. The inclusion
criteria were patients who were diagnosed with thoracic malignancies
including lung cancer, malignant thoracic mesothelioma, thymic cancer,
primary unknown cancer, and hemangiosarcoma and received chemotherapy.
Fever was defined as a temperature of >37.5°C lasting for 1 hour. The
patients’ age and sex, the histology of the tumor, the treatment regimens
employed, the timing of fever onset, the number of days for which the fever
persisted, the cause of the fever, the use of granulocyte colony-stimulating
factor (G-CSF), and the presence or absence of radiotherapy for primary or
metastatic lesions were recorded. The incidence of fever on post-treatment
days 3-4 was defined as the percentage of cycles in which fever developed on
post-treatment day 3 or 4. We then retrospectively analyzed the
characteristics of the fevers experienced by patients with thoracic
malignancies after chemotherapy. The diagnosis of infection was
fundamentally based on culture, however, principal physicians including
supervisors eventually decided under whole clinical stage. The Chi-square
test and Fisher’s exact test were used to evaluate the differences between

groups.



RESULTS

One thousand and sixteen chemotherapy cycles were analyzed. The
patients’ characteristics are shown in Table 1. Seventy-four percent of the
patients (748 of 1016) were males, the patients’ median age was 68 years
(range: from 29 to 88 years), and lung cancer was the most common disease
(93%).

Fevers occurred in 36% of cycles (367 of 1016) including 37% of
those involving males and 32% of those involving females. There was no
difference in the frequency of fever among the sexes (p=0.146). The incidence
of fever according to age were 33% (<60), 41% (61-65), 36% (66-70), 33%
(71-75), 41% (76-80), and 33% (>81); it did not differ significantly with age
(p=0.424). The incidence of fever according to chemotherapy cycle were 41%
in 1st (236/576), 31% in 2nd (74/236), 30% in 3+d (35/116), 28% in 4tk (16/57),
22% in 5th (4/18), 13% in 6th (1/8), 25% in 7th (1/4), and 0% in 8t (0/1); it

differed significantly between 1st and subsequent cycles (p<0.001).

Anti-tumor agents

In incidence of fever according to the drugs administered,
gemcitabine was the drug that was most frequently associated with fever
(41%; 43/106), followed by irinotecan (40%; 108/272), amrubicin (39%; 29/75),
docetaxel (36%; 47/131), vinorelbine (34%; 14/41), paclitaxel (34%; 50/149),
carboplatin (33%; 113/339), gefitinib (33%; 21/63), etoposide (30%; 9/30),

cisplatin (29%; 82/284), pemetrexed (28%; 22/78), nedaplatin (27%; 9/34), and



S-1 (23%; 11/47). There were no patients who received monoclonal

antibodies.

Post-treatment days

Figure 1 shows the incidence of fever on each post-treatment day.
Post-treatment days 4 (8.3%), 3 (6.8%), and 12 (6.7%) were the days on which
fever was most common. The distribution of fever exhibited a bimodal
distribution; i.e., whilst it peaked on post-treatment days 3 and 4; otherwise,
it generally gradually increased until day 12 and then gradually decreased.
The peak on post-treatment days 3-4 was considered to be due to adverse
drug reactions, and the latter peak was considered to represent neutropenic
or infection-based fevers. Fevers occurred on post-treatment days 3-4 in 11%
of all cycles (113 of 1016) including 11% (84 of 748) of the cycles involving
males and 11% (29 of 268) of those involving females. There was no
significant difference in the percentage of cycles in which fevers occurred on
post-treatment days 3-4 between the sexes (p=0.855). The incidence of fever
on post-treatment days 3-4 according to age were 12% (<60), 13% (61-65),
10% (66-70), 8% (71-75), 13% (76-80), and 10% (>81); however, this
parameter did not differ significantly with age (p=0.427). The incidence of
fever on post-treatment days 3-4 according to the drugs administered (for the
drugs that were used in >30 cases) is shown in Figure 2. Gemcitabine was
the drug that was most commonly associated with fever (20%), followed by

docetaxel (18%), nedaplatin (12%), and carboplatin (11%). There was quite a



large difference in the incidence of fever between the cases involving the top
two drugs, gemcitabine and docetaxel, and those involving other drugs. In
the incidence of fever on post-treatment day according to the drugs
administered, many drugs including docetaxel and gemcitabine had fever
distributions that peaked on post-treatment days 3-4 or later (figure not

shown).

Causes of fever

The patients’ fevers were caused by infections (47%), adverse drug
reactions (24%), unknown causes (19%), and tumors (7%), as shown in Table
2. The causative infections included febrile neutropenia (50%), pneumonia
(18%), unidentified infections (9%), and colitis (7%), as shown in Table 3.
Central venous line infection based on culture observed in one case. The
correlation between the frequencies of radiotherapy and fever is shown in
Table 4. The incidence of fever was significantly higher among the patients
treated with radiotherapy than among those that did not receive

radiotherapy (46% vs. 34%, p=0.001).

Use of G-CSF

The use of G-CSF was analyzed in 909 patients. Three-hundred and
three patients (33%) received G-CSF and remaining 606 patients (67%) did
not. Median and most common duration of G-CSF use was 3 days and range

1 to 15 days. Each incidence ratios of fever in G-CSF use duration were as
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follows; 22% (8/37) in 1, 35% (17/48) in 2, 33% (27/81) in 3, 49% (17/35) in 4,
73% (24/33) in 5, 40% (10/25) in 6, 56% (9/16) in 7, 63% (5/8) in 8, 71% (5/7) in
9, 75% (3/4) in 10, 100% (3/3) in 11, 100% (4/4) in 12, 100% (1/1) in 13, and
100% (1/1) in 15 days. Totally, the incidence ratios of fever in patients
received G-CSF and not received G-CSF were 44% (134/303) and 31%

(188/606), respectively, which is significant difference (p<0.001).

DISCUSSION

Fevers of >37.5°C during cancer chemotherapy occurred in 36% of
cycles, and the causes of these febrile episodes included infection, drug fever,
unknown causes, and tumors. Overall, the incidence of fever increased until
day 12 and then gradually fell. This pattern was considered to represent the
incidence of fever caused by neutropenia or other myelotoxicity-associated
infections. However, a second peak in the incidence of fever occurred on
post-treatment days 3-4 and was considered to be due to drug fever because
chemotherapy-associated myelotoxicity is not usually observed in this
period.

Drug fever is defined as “a disorder characterized by fever
coinciding with the administration of a drug and disappearing after the
discontinuation of the drug, when no other cause for the fever is evident after
a careful physical examination and laboratory investigation” (6). We
carefully examined the cause of fever in each case. Anticancer agents were

usually administered on day 1 in the absence of fever, before being
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discontinued on day 2. In the cases in which fever developed on days 3-4 and
then disappeared on days 4-5, and in which other causes of fever had been
ruled out after a careful investigation, we finally decided that the fever had
been caused by an adverse drug reaction. Research into fever after cancer
chemotherapy has focused on febrile neutropenia and infection-derived
fevers (1-3,9,10,11); therefore, the finding that drug fever is quite common
after chemotherapy will aid the management of chemotherapy. Antibacterial
and antifungal prophylaxis are only recommended for patients expected to
have < 100 neutrophils/uL for > 7 days (12). Whilst physicians and medical
staff are nervous about fevers that develop during cancer chemotherapy, they
should take a wait-and-see approach or only treat the patient’s symptoms if
they suspect drug fever on post-treatment days 3-4. In addition, in such
cases there is no need to produce blood cultures (to detect sepsis), collect
blood for hematological or biochemical examinations (to search for a fever
focus), perform urinary sediment examinations (to search for urinary
infections), or administer preventive antibiotic therapy. Regarding
chemotherapy cycles - fever observed commonly in first cycles (41%), and
caused a gradual decline. There was significant difference in fever frequency
between 1st and subsequent cycles of therapy. One obvious reason is that
physicians reduce the dose of anticancer agents in next cycles when febrile
neutropenia occur. In our analysis of the effects of each drug, gemcitabine
and docetaxel were the drugs that were most frequently associated with drug

fever. Although most of the febrile episodes caused by these drugs occurred
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on post-treatment days 3-4, the incidence of gemcitabine-induced fever
peaked on post-treatment day 3 (followed by day 4) whereas that of
docetaxel-induced fever peaked on day 4 (followed by day 3). The incidence of
fever also peaked on post-treatment days 3-4 in the patients treated with
carboplatin or other drugs. Overall, the incidence of febrile episodes was
highest on post-treatment day 4, followed by day 3 and then day 12. It is
interesting that the incidence of the fevers induced by the abovementioned
anticancer drugs did not peak on days 1-2. This delay was considered to have
been due to the time required for a physical reaction to the drugs to develop
and might have been affected by the use of dexamethasone as an antiemetic
on day 1.

We also analyzed whether radiotherapy increases the frequency of
fever, as fever is a known complication of radiotherapy (13,14). The
frequency of fever was 34% among the patients that received chemotherapy
alone and significantly increased to 46% among the patients who received
both chemotherapy and radiotherapy. The present findings demonstrate that
radiotherapy induces fever as a result of the body’s reaction to radiation. In
our analysis of the effects of age on the incidence of fever, although age was
not found to be significantly associated with the incidence of fever, the
frequency of fever fell in the 61-75-years-old age group, but then increased in
the 76-80-years-old age group, before decreasing again in the 80-years-old
age group. As elderly patients usually exhibit fewer biological responses such

as fever (15), the peak in the 76-80-years-old age group seems strange. One
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possible reason is that cisplatin is used less frequently to treat patients who
are >75-years-old because of its non-hematological toxicities, which include
nausea, vomiting, fatigue, and appetite loss, and the fact that its
administration requires the infusion of a greater amount of solution due to
renal toxicity. However, of the anticancer drugs examined in the present
study cisplatin was associated with the lowest incidence of fever on days 3-4,
which might have been partially due to the fact that its administration
involved greater amounts of dexamethasone and infusion solution than the
administration of other agents. Secondly, elderly patients suffer more
complications including infections (16) before chemotherapy and so are more
likely to develop fever. Furthermore, a poor fever response in elderly patients
has been suggested to make the diagnosis of infection and sepsis more
difficult (16), and advancing age was reported to be significantly associated
with more serious disease and chemotherapy discontinuation among
patients with febrile illnesses (17,18). Thus, it might be appropriate to focus
on preventing fever in elderly patients receiving cancer chemotherapy. In an
analysis of the effects of sex, the males tended to exhibit a higher incidence
of fever, but the difference was not significant. There was also no difference
in the frequency of fever on post-treatment days 3-4 between the sexes. Thus,
the incidence of fever during cancer chemotherapy is considered to be similar
in both sexes. The use of G-CSF in our study is an important issue to discuss.
Based on our data, the drugs was normally used when patients experienced

grade 4 neutropenia with the intent of decreasing the incidence of febrile
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neutropenia or to improve quality of life. Median duration of use was 3 days
and the incidence ratios of fever in patients received G-CSF were
significantly higher than those who did not received G-CSF (44% vs. 31%,
p<0.001). Although G-CSF use might contribute to the development of fever,
we are unable to make this determination as it is extremely difficult to
differentiate between fever caused by G-CSF and neutropenia.

In conclusion, our retrospective analysis of consecutive patients who
were treated with chemotherapy demonstrated that episodes of fever that
occur on post-treatment days are affected by drug fever on days 3-4.
Knowledge of this pattern should help to prevent unnecessary examinations

and treatments including prescribing antibiotics.

CONFLICTS OF INTEREST STATEMENT
None declared.
The authors affirm that we have full control of all primary data and

we agree to allow the journal to review their data if requested.



15

REFERENCES

1.

Pizzo PA (1993) Management of fever in patients with cancer and
treatment-induced neutropenia. N Engl J Med 328:1323-1332.

Bennett CL, Djulbegovic B, Norris LB, Armitage JO (2013)
Colony-stimulating factors for febrile neutropenia during cancer therapy.
N Engl J Med 368:1131-1139.

Kern WV, Marchetti O, Drgona L, Akan H, Aoun M, Akova M, de Bock R,
Paesmans M, Viscoli C, Calandra T (2013) Oral antibiotics for fever in
low-risk neutropenic patients with cancer: a double-blind, randomized,
multicenter trial comparing single daily moxifloxacin with twice daily
ciprofloxacin plus amoxicillin/clavulanic acid combination therapy —
EORTC infectious diseases group trial XV. J Clin Oncol 31:1149-1156.
Hong S, Tan M, Wang S, Luo S, Chen Y, Zhang L (2014) Efficacy and
safety of angiogenesis inhibitors in advanced non-small cell lung cancer: a
systematic review and meta-analysis. J Cancer Res Clin Oncol [Epub
ahead of print]

Tabor PA (1986) Drug-induced fever. Drug Intell Clin Pharm 20:413-420
Mackowiak PA, LeMaistre CF (1987) Drug fever: a critical appraisal of
conventional concepts. An analysis of 51 episodes in two Dallas hospitals
and 97 episodes reported in the English literature. Ann Intern Med

106:728-733



16

7. Khurana A, Mitsis D, Kowlgi GN, Holle LM, Clement JM (2014) Atypical
presentation of fever as hypersensitivity reaction to oxaliplatin. J Oncol
Pharm Pract [Epub ahead of print]

8. Kimura H, Matsui Y, Ishikawa A, Nakajima T, Yoshino M, Sakairi Y
(2015) Randomized controlled phase III trial of adjuvant
chemo-immunotherapy with activated killer T cells and dendritic cells in
patients with resected primary lung cancer. Cancer Immunol
Immunother 64:51-59.

9. Lortholary O, Lefort A, Tod M, Chomat AM, Darras-Joly C, Cordonnier C,
Club de Reflexion sur les infections en Onco-Hematologie (2008)
Pharmacodynamics and pharmacokinetics of antibacterial drugs in the
management of febrile neutropenia. Lancet Infect Dis 8:612-620.

10. Freifeld A, Marchigiani D, Walsh T, Chanock S, Lewis L, Hiemenz J,
Hiemenz S, Hicks JE, Gill V, Steinberg SM, Pizzo PA (1999) A
double-blind comparison of empirical oral and intravenous antibiotic
therapy for low-risk febrile patients with neutropenia during cancer
chemotherapy. N Engl J Med 341:305-311.

11.Mayer K, Hahn-Ast C, Muckter S, Schmitz A, Krause S, Felder L,
Bekeredjian-Ding I, Molitor E, Brossart P, von Lilienfeld-Toal M (2015)
Comparison of antibiotic prophylaxis with cotrimoxazole/colistin
(COT/COL) versus ciprofloxacin (CIP) in patients with acute mmeloid

leukemia. Support Care Cancer [Epub ahead of print]



17

12. Flowers CR, Seidenfeld J, Bow EJ, Karten C, Gleason C, Hawley DK,
Kuderer NM, Landston AA, Marr KA, Rolston KV, Ramsey SD (2013)
Antimicrobial prophylaxis and outpatient management of fever and
neutropenia in adults treated for malignancy: American Society of
Clinical Oncology clinical practice guideline. J Clin Oncol 31:794-810.

13.Vanherik M (1965) Fever as a complication of radiation therapy for
carcinoma of the cervix. Am J Roentgenol Radium Ther Nucl Med
93:104-109.

14.Callen JP, Keskey K (1977) Fever as a complication of low dose
irradiation. Br J Radiol 50:146-147.

15. Finkelstein MS (1982) Unusual features of infections in the aging.
Geriatrics 37:65-67.

16.Keating HJ 34, Klimek JJ, Levine DS, Kiernan FJ (1984) Effect of aging
on the clinical significance of fever in ambulatory adult patients. J Am
Geriatr Soc 32:282-287.

17.Norman DC, Grahn D, Yoshikawa TT (1985) Fever and aging. J Am
Geriatr Soc 33:859-863.

18.Adjogatse D, Thanopoulou E, Okines A, Thillai K, Tasker F, Johnston SR,
Harper-Wynne C, Torrisi E, Ring A (2014) Febrile neutropaenia and
chemotherapy discontinuation in women aged 70 years or older receiving

adjuvant chemotherapy for early breast cancer. Clin Oncol 26:692-696.



FIGURE LEGENDS
Figure 1
Incidence of fever on each post-treatment day (the drugs were

administered on day 1)

Figure 2
Fever incidence on post-treatment days 3 and 4 according to the

drugs administered
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Table 1. Patient characteristics

Characteristics No. of cycles
Total 1016
Gender

male 748

female 268
Age (years)

median 68

range 29-88
Disease

lung cancer 949

malignant pleural mesothelioma 52

others 15
Radiotherapy

yes 194

no 822

Table 2. Causes of fever

n %
Infection 174 47.4
Drug-induced 88 24.0
Unknown 68 18.5
Tumor 27 7.4
Pleurodesis 5 1.4
Ileus 2 0.5
Others 3 0.8

Others included cerebral infarction, multiple compression fractures,
and postoperative fever due to uterine scraping



Table 3. Causes of infection-derived fever

n %
Febrile neutropenia 87 50.0
Pneumonia 31 17.8
Unidentified infection 15 8.6
Colitis 12 6.9
Influenza 6 3.4
Urinary tract infection 6 3.4
Sepsis 4 2.3
Respiratory tract infection 4 2.3
Pancreatitis 2 1.7
Arthritis 2 1.7
Others 5 2.9

Table 4. Influence of radiotherapy on fever

Fever
(+) () total % p
RT (+) 90 104 194 46.4 0.001
RT () 277 545 822  33.7

RT, radiotherapy
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Figure 2

gemcitabine
docetaxel
nedaplatin
carboplatin
etoposide
gefitinib
amrubicin
pemetrexed
irinotecan
paclitaxel
vinorelbine
cisplatin

S-1

20%(21/106)
18%(23/131)
12%(4/34)
11%(38/339)
10%(3/30)
10%(6/63)
9%(7/15)
9%(7/18)
8%(22/272)
8%(12/149)
1%(3/41)
7%(20/284)
6%(3/47)

0 5 10 15 20 o,



	text
	table
	figure

