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Pharmacists and nurses know that 
chemotherapy can be dangerous, 
but many are unfamiliar with the 

large body of research documenting the 
magnitude of workplace contamination, 
extent of chemical absorption (work-

er exposure), and downstream effects 
these chemicals may exert on healthcare 
workers. While oncology pharmacists are 
good at discussing new trial data, rarely 
do they chat about the recent urinary 
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University Hospital in Philadelphia, Pennsylvania, is a National 
Cancer Institute (NCI)-designated clinical cancer center. The cen-
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KCC’s position as a leader in treatment, research, and education. 
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The annual meeting of the 
American Association for Can-
cer Research (AACR) focuses 

on preliminary studies with promis-
ing findings for the treatment of can-
cer. This year’s conference was held 
in Washington, DC, from April 6-10, 

2013. Selected highlights of early stud-
ies presented at the annual meeting fol-
low. It is hoped that these encouraging 
preliminary findings will be confirmed 
by larger studies and lead to advances 
in cancer care.
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Hand-foot skin reaction (HFSR), 
also known as hand-foot syndrome 
or palmar-plantar erythrodyses-

thesia (PPE), is an adverse effect of several 
chemotherapeutic agents. The syndrome 
is characterized by redness, swelling, pain, 

and tingling in the palms of the hands 
and the soles of the feet. Other symptoms 
may include sensitivity or intolerance to 
hot or warm objects or fluids, hyperker-
atosis (callus), blistering, and dry skin.  
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This is the first in a series of articles that will discuss issues related to hazardous 
materials in the workplace.
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The oncology pharmacy team at the Kimmel Cancer Center (left to right): Bruce Park, 
PharmD; Renata Dul, PharmD; Trish Clifford, PharmD; William O’Hara, PharmD, 
BCOP; Justine Chung, PharmD; Jae Ryu, PharmD, BCOP; Sarah Shockley, PharmD; 
and Anne Marie Valorie-Oberle, PharmD, BCOP. Not pictured, but also part of the 
team, Christine Cote, PharmD; Kelly Miskovsky, PharmD; Judith Alberto, PharmD;  
Phil Maher, PharmD; Ginah Nightingale, PharmD, BCOP; and Gina Hemmert, PharmD.
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excretion or chromosomal damage study 
in exposed healthcare workers. When 
studies documenting the risk of hazard-
ous medications are published in major 
oncology journals every other year or so, 
they are hardly ever accompanied by a 
summary of the current recommenda-
tions and regulations. The variety of 
guidelines and regulatory publications 
available can make full comprehension 
and application difficult, with informa-
tion that can be too broad or too narrow.

Chemotherapy drugs constitute the 
majority of hazardous drugs as defined by 
the National Institute for Occupational 
Safety and Health (NIOSH)1 and other 
organizations. Obviously, these chemo-
therapy and other drugs provide a ther-
apeutic benefit to patients, but may 
pose health risks to workers who must 
handle them on a daily basis. Because 
most chemotherapy drugs are nonselec-
tive in their mechanism of action, their 
adverse effects have been well recog-
nized in patients. Additionally, similar 
adverse effects have been observed in 
healthcare workers who prepare and 
administer these drugs. The effects can 
range from acute, such as skin and 
mucous membrane irritation, headache, 
and hair loss, to more long-term effects, 
such as adverse reproductive outcomes 
(spontaneous abortion, teratogenicity) 
and genotoxic effects (chromosomal and 
other genetic damage) to possible can-
cer.2,3 In fact, the healthcare setting has 
a large and diverse mixture of chemicals 
that are genotoxic, teratogenic, repro-
ductive hazards, and carcinogenic.

The original concerns about worker 
safety appeared in the late 1970s when 
it was becoming clear that patients were 
developing secondary cancers after treat-
ment with alkylating agents, antimetab-
olites, and other drugs in use then. These 
findings prompted a concern that health-
care workers may be at risk for similar 
adverse outcomes without the benefit of 
being treated for a life-threatening disease. 
Several seminal publications appeared in 
the literature and, commencing in the 
early 1980s, various organizations devel-
oped guidance for safe handling of “cyto-
toxic drugs.” These organizations includ-
ed the American Society of Hospital 
Pharmacy (ASHP; now known as the 
American Society of Health-System 
Pharmacists), the Oncology Nursing 
Society (ONS), the Occupational Safety 
and Health Administration (OSHA) in 
the United States, and the Society of 
Hospital Pharmacists of Australia, among 
others. Over the years, existing guidelines 
have been updated and revised as new 
information has become available and 
new guidelines have been developed by 
additional organizations (Table 1).2,4-7

In 1990, ASHP added “hazardous 
drugs” to the cytotoxic classification,8 

followed by OSHA’s 1995 update to 
its recommendations that included a 
sample listing of hazardous drugs. It had 
become evident that some drugs other 
than the cytotoxic (antineoplastic) 
drugs were carcinogenic, teratogenic, 
and genotoxic, as well as having adverse 
reproductive effects in laboratory ani-
mals and occasionally in patient pop-
ulations. These characteristics, along 
with the ability to produce organ toxic-
ity at low doses, became the criteria by 
which ASHP defined a hazardous drug. 
In 2000, based on increased concern 
about occupational exposure to hazard-
ous drugs sparked by numerous interna-
tional publications, NIOSH convened a 
Hazardous Drug Working Group com-
prising representatives from government 
and professional practice organizations, 
academia, pharmacy and nursing organi-
zations, and drug and safety equipment 

manufacturers. The primary outcome of 
this group’s efforts was the publication 
in 2004 of the NIOSH Alert: Preventing 
Occupational Exposures to Antineoplastic 
and Other Hazardous Drugs in Health 
Care Settings. In this Alert, NIOSH 
adopted and slightly revised the ASHP 
criteria for a hazardous drug (Table 2).2,8

While many embrace safe han-
dling and integrate it into their work-
day, pharmacy personnel have likely 
encountered a coworker who balks at 
safe handling. We all have had more 
than one coworker say “I have worked 
with chemo for years and I am fine” 
as well as “I never gowned when I 
mixed, and here I am.” It is important 
to explain to such individuals that 
epidemiologic studies determining the 
risk of exposure require large study 
populations to detect significant effects, 
much like oncologists not relying on 

the efficacy results of a treatment reg-
imen evaluated in one patient with-
out a control group and a sufficient 
study population. Changing the views 
of resistant personnel is critical to the 
environmental protection of all staff. 
Employee knowledge of management 
support and assessment of compliance 
with safe handling guidelines are inte-
gral, because a single employee or inci-
dent resulting in environmental con-
tamination can function as an indirect 
source of contamination for the other 
staff working in the area.

Many studies have examined the 
excretion of hazardous drugs in the 
urine of exposed healthcare workers. 
One such study, published by Wick 
and colleagues in the American Journal 
of Health-System Pharmacy in 2003, 
uncovered some long-lasting effects 
of contamination.9 The study was 
designed to detect reduction of person-
nel exposure after implementation of a 
closed-system transfer device (CSTD) 
and evaluated the urine of nurses, phar-
macists, and technicians, including 
noncompounders. Of the urine sam-
ples analyzed prior to implementation 
of the CSTD, 21% were positive for 
ifosfamide and 38% were positive for 
cyclophosphamide. The facility’s com-
pounding diary last documented ifos-
famide as being compounded 3 weeks 
prior to the initiation of urine collec-
tion. Ifosfamide and its metabolites are 
primarily excreted in the urine, and the 
human half-life is 3 to 10 hours. Though 
the authors’ focus was on the efficacy of 
the CSTD, one may conclude that 
before or at the time ifosfamide was 
last compounded, an event resulting in 
environmental contamination with the 
drug occurred. Unknown to the staff, 
this source of contamination persisted 
and functioned as a means of indirect 
exposure. This reinforces the necessity 
of complying with safe handling guide-
lines by all staff members regardless of 
their personal perspective, because one 
employee’s actions can affect other 
employees’ exposure.

Surprisingly, the essentials of safe han-
dling have remained generally the same 
since the OSHA Technical Manual 
was published in 1995: proper facilities, 
engineering controls, personal protec-
tive equipment (PPE), and technique, 
coupled with education, environmental 
monitoring, and medical surveillance. 
With so many published studies doc-
umenting contamination of the work-
place and exposure of workers, and the 
availability of new safety products, it is 
alarming that noncompliance persists in 
some facilities. Polovich and colleagues 
have investigated nurses’ use of handling 
precautions and identified staff charac-
teristics and organizational factors that 

Chemotherapy and Pharmacy... Continued from cover

Table 1   Current Safe Drug Handling Guidelines in the United States

Date Organization Title

1999 OSHA Controlling Occupational Exposure to  
Hazardous Drugs4

2004a NIOSH Preventing Occupational Exposures to Anti-
neoplastic and Other Hazardous Drugs2

2006 ASHP ASHP Guidelines on Handling Hazardous 
Drugs5

2008a USP 797 Revised Chapter <797> Pharmaceutical  
Compounding—Sterile Preparations6

2011 ONS  Safe Handling of Hazardous Drugs7

aCurrently undergoing updates and revisions.
Abbreviations: ASHP, American Society of Health-System Pharmacists; 
NIOSH, National Institute for Occupational Safety and Health; ONS, 
Oncology Nursing Society; OSHA, Occupational Safety and Health 
Administration; USP, US Pharmacopeial Convention.

Table 2   ASHP and NIOSH Criteria for Defining a Hazardous Drug

ASHP 19908 NIOSH 20042

Carcinogenicity in animal models, in the 
patient population, or both, as reported by the 
International Agency for Research on Cancer 

Carcinogenicity

Teratogenicity in animal studies or in treated 
patients

Teratogenicity or develop-
mental toxicity

Fertility impairment in animal studies or in 
treated patients

Reproductive toxicity

Evidence of serious organ or other toxicity at 
low doses in animal models or treated patients

Organ toxicity at low doses

Genotoxicity (ie, mutagenicity and 
clastogenicity in short-term test systems)

Genotoxicity

Structure and toxicity profile 
of new drugs that mimic ex-
isting drugs determined haz-
ardous by the above criteria

Abbreviations: ASHP, American Society of Hospital Pharmacy; NIOSH, 
National Institute for Occupational Safety and Health.
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influence compliance.10,11 An individu-
al’s knowledge and perception of expo-
sure and risk, including proper technique 
for using PPE, greatly affect that per-
son’s compliance. Organizational factors 
include management’s perceptions of the 
value, whether employee compliance is 
being enforced, and availability of PPE. 
Friese and colleagues recently reported 
on factors that contribute to workplace 
exposure and concluded that “the likeli-
hood of exposure decreased when nurses 
reported adequate staffing and resourc-
es…and when nurses reported that che-
motherapy doses were verified by two 
nurses frequently or very frequently… .”12 

Moreover, as workload increases, com-
pliance with safety procedures decreases. 
Therefore, if the main barriers today are 
education of healthcare professionals and 
lack of compliance because of workload, 
it should be our goal to educate staff and 
fight against desensitization to risk in the 
workplace.  

Although all the criteria for a haz-
ardous drug are of concern to health 
and safety professionals, the possibility 
of cancer appears to receive the most 
attention from healthcare workers. 
There are more than 20 chemotherapy 
agents associated with secondary malig-
nancies in patients, and dozens that 
are carcinogenic in laboratory stud-
ies.13 Furthermore, the vast majority 
of chemotherapy drugs are genotoxic, 
which can contribute to the primary 
or subsequent mutations necessary for 
the process to progress. Focusing on the 
mechanism of damage caused by haz-
ardous drugs will increase knowledge 
and potentially change perceptions and 
increase compliance. When discussing 
the carcinogenic and genotoxic poten-
tial of compounds, it is important to 
appreciate that current evidence sup-
ports a multistage process of carcino-
genesis. Simply expressed, cancer does 
not develop from a single exposure or 
DNA alteration, but rather results from 
a series of events that can lead to cellular 
immortality. Cancer has a long latency 
period. DNA changes can be caused by 
an inherited mutation or exposure of a 
normal cell to radiation, viruses, or car-
cinogens, which, if not repaired, can lead 
to irreversible cellular mutations that alter 
cellular response to the environment and 
may confer a survival advantage. This 

process can be mediated by carcinogens, 
other chemicals, or environmental factors 
that favor the growth of the mutated cells 
and may occur over decades. Mutated 
cells undergoing a selective clonal expan-
sion can lead to transformation or con-
version, whereby accumulation of genetic 
changes leads to cell deregulation and 
increased proliferation. 

While less than 5% of chemotherapy 
drugs have been evaluated for workplace 

contamination, current and past research 
provides a solid rationale for existing rec-
ommendations about the dangers these 
drugs pose to healthcare workers and 
the need to adhere to proper workplace 
procedures. Surface contamination with 
carcinogenic drugs has been documented 
throughout pharmacy and administration 
areas and in all areas where these drugs are 
present.14,15 Hazardous drugs and/or their 
metabolites have been identified and 
quantified in the urine of exposed health-
care workers, including noncompounding 
staff.2,16,17 Genotoxic activity in health-
care workers has been documented by 
various techniques including chromosom-
al abnormalities, micronuclei, and comet 
assay studies. Researchers, including phar-
macists and environmental toxicologists, 
have yet to show a direct correlation 

between increased surface contamination 
and increased genotoxicity, but continue 
to evaluate this matter. It is vital that all 
pharmacists—not just those practicing 
in oncology—educate pharmacy tech-
nicians and other staff about potential-
ly hazardous drugs and work practices 
that could result in exposure. Pharmacists 
should lead by example, and have their 
actions guide others as to how to work 
with these potentially harmful drugs.

Patients receive concentrated doses 
of a limited number of agents for 
a defined period of time. Healthcare 
workers are exposed to small doses 
of a broad range of hazardous drugs 
over decades, with some workers being 
exposed every workday, year after year. 
Pharmacists and other healthcare 
workers may be exposed to dozens 
of the more than 100 chemotherapy 
drugs now in use, besides the other 
nonchemotherapy drugs that have 
been identified as hazardous. Given 
what is known about the potential 
hazards of these drugs for workers, it 
is most prudent to be aware of, and to 
adhere to, existing safe handling guide-
lines in addition to keeping up-to-date 
on training and the latest improve-
ments in safety equipment. l
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Disclaimers 
The findings and conclusions of this 
presentation have not been formally 
disseminated by NIOSH and should 
not be construed to represent any 
agency determination or policy.

Mention of company names or 
products does not constitute endorse-
ment by the National Institute for 
Occupational Safety and Health.
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Healthcare workers are exposed to small doses 
of a broad range of hazardous drugs over 

decades, with some workers being exposed 
every workday, year after year. 


