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A B S T R A C T

Purpose
Recent development of drugs that target specific pathways in tumors has increased scientific
interest in studying drug effects on tumor tissue. As a result, biopsies have become an important
part of many early-phase clinical trials. Performing nondiagnostic tumor biopsies raises technical
and ethical concerns mostly related to the use of a potentially harmful procedure with no potential
benefit to the patient. This issue is complicated by uncertainty about whether performing biopsies
in irradiated fields adds significant risk. This article reviews the clinical, scientific, and ethical
considerations involved in performing nondiagnostic tumor biopsies in competent adults for
research purposes, with a focus on biopsies performed in the setting of therapeutic irradiation.

Methods
Clinical trials that performed biopsies during or within 4 months of the completion of radiotherapy
were identified with a literature review.

Results
Twenty-nine studies with 2,160 patients were identified. Sixteen of 29 studies reported adverse
events (AEs) but did not report active evaluation for biopsy complications. Ten studies did not
mention AEs within the study report. At least three studies actively evaluated patients for biopsy
complications. Taking this into consideration, 17 (�1%) of 2,160 patients were reported to have
biopsy complications, although reporting of AEs was suboptimal in most studies.

Conclusion
Limited data suggest that biopsies can be performed in irradiated tissues without clinically
significant excess risk. Ongoing and future trials including nondiagnostic research biopsies should
record and report AEs related to this procedure to provide additional data on safety and toxicity.

J Clin Oncol 26:3987-3994. Published by the American Society of Clinical Oncology

INTRODUCTION

The development of high throughput technologies
and the introduction of drugs targeting specific
pathways in tumors have increased incorporation of
research biopsies into clinical trials, prompting a
restructuring of trial design and a re-evaluation of
the ethics of performing biopsies for research pur-
poses only.1-3 The addition of radiotherapy adds
complexity to the issue because of the potential
for impaired wound healing. This article reviews
clinical, scientific, and ethical considerations of
performing nondiagnostic research biopsies in irra-
diated tissues.

Clinical and Scientific Considerations

Clinical trial design for targeted therapies. Tar-
geted agents are being combined with radiation and
other cytotoxic agents to enhance treatment efficacy.

Although many anticancer agents act on processes
important in growth and metabolism, these novel
agents target specific signal transduction or biologic
processes that are preferentially activated in malig-
nant cells. In clinical trials, biopsies may be used to
determine the presence of a target and its modula-
tion by the investigational agent, radiation, and/or
chemotherapy.

Early-phase trials for traditional cytotoxic
cancer therapies focus on determination of a
maximum-tolerated dose through dose-escalation
studies. Trials for targeted agents often aim to iden-
tify a biologically active dose or optimal biologic
dose rather than the maximum-tolerated dose. To
accomplish this, investigators must define pharma-
cologic effects of an investigational drug through
evaluation of the pathway it targets. This must ini-
tially be done with assays of tumor tissue, which
requires serial biopsies during treatment.
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Biopsies in early-phase clinical trials for targeted agents. Clinicians
rely on tumor biopsies for diagnosis, staging, restaging, and clarifica-
tion of prognosis.4 Biopsies are not widely performed for research
purposes only. However, when evaluating targeted agents, biopsies are
becoming necessary to assess target modification. Multiple logistical
considerations are involved when incorporating nondiagnostic biop-
sies into trials.

Because of the need to assess the presence, baseline activity, and
changes of a target with therapy, one tissue sample will usually not be
sufficient to evaluate target modulation by an investigational agent.
Usually, analysis of biopsies performed before and after delivery of
the targeted agent will be required to assess target modulation. The
number of biopsies required to evaluate the effects of an investiga-
tional drug may be increased by its use in combination with chem-
otherapy and radiation, because these may alter the expression of a
target or the concentration of a drug within the tumor.

For example, consider the use of an inhibitor of the DNA
repair enzyme poly (ADP-ribose) polymerase (PARP).5 Investiga-
tors can measure effects of PARP inhibitors by assaying PARP
activity in tumor tissue obtained before and after treatment.6 PARP
inhibition is probably most effective after damaging tumor DNA
with radiation or chemotherapy. To study PARP inhibition in this
setting, suitable tissue from prior biopsies could be evaluated be-
fore initiation of therapy to obtain baseline measurements of PARP
activity. In some circumstances, specialized assays require fresh or
specially processed tissue, necessitating a new baseline biopsy. A
second biopsy would be needed after administration of the initial
therapy (PARP inhibitor, radiation, or chemotherapy) to measure
changes in PARP activity. A final biopsy would measure the effect
of the PARP inhibitor in combination with radiation and/or chem-
otherapy. Thus at least three biopsies would be required to evaluate
target modification. A proposed trial design for combining cyto-
toxic and targeted therapies is shown in Figure 1. If radiation or
chemotherapy induces a target, they are delivered first, followed by
repeat biopsy and initiation of the investigational agent.

Whenever possible, less invasive imaging technologies and sur-
rogate assays of biomarkers in biologic fluids should be incorporated
into early-phase trials to identify alternatives to biopsy. Surrogate
assays must be validated by correlative studies with tumor tissue and
should be sensitive to target alterations in the tumor. Numerous
factors preclude early substitution of surrogate markers for biopsies.
Nontumor samples might not express the target or might express it
differently than tumor. Additionally, variations in the tumor micro-
environment might alter drug activity or concentration compared
with nontumor samples.

Risks of tumor biopsy in unirradiated tissue. For biopsies, a deli-
cate balance exists between acquiring sufficient tissue for analysis and
minimizing potential risks, including bleeding, infection, anesthesia
reactions, and site-specific complications (ie, bowel perforation with
colonoscopic biopsy or pneumothorax with biopsies near lung).
Many factors can alter risks, including the type of biopsy (ie, fine-
needle aspiration, core, or incisional), the biopsy location, and the type
of guidance.

Data exist regarding site specific rates of complications from
biopsy for diagnostic purposes. The tolerability of medically indi-
cated, repeat biopsies has also been reported for select disease sites.
Studies of prostate cancer requiring numerous repeat core biopsies
of the prostate have shown low rates of serious complications

(approximately 0.1%).7,8 Clinicians are comfortable obtaining
medically indicated biopsies because the benefits of diagnostic
information obtained outweigh biopsy risks. However, for nondi-
agnostic research biopsies, there is no prospect of medical benefit
to compensate for the risks.

In addition to traditional complications, some investigators have
concerns about so-called seeding along biopsy tracts, although this is
extremely uncommon.9,10 Two studies of 68,346 and 9,783 transtho-
racic biopsies found biopsy tract seeding in 0.012% and 0.061%,
respectively.11,12 These exceptionally low rates should minimize con-
cerns about tumor seeding except in histologies with known predilec-
tion for seeding, such as sarcoma, mesothelioma, and hepatocellular
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Fig 1. Proposed clinical trial design to evaluate targeted agents in combination
with radiation or other cytotoxic therapies.
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carcinoma.13 Investigators may consider including this uncommon
risk in the informed consent.

When assessing and justifying nondiagnostic research biopsies,
pain, discomfort, and psychological effects are also important. Pa-
tients experience wide ranges of pain during biopsy. Many studies
have evaluated pain with different biopsy types, instruments, tech-
niques, positioning, and anesthesia, with the goal of minimizing asso-
ciated pain. In addition to pain, men surveyed after prostate needle
biopsies identified issues such as fear of results, waiting for results,
and the thought of the test as troublesome issues.14 Patients receiv-
ing nondiagnostic biopsies would obviously not be anxious for re-
sults, but the thought of undergoing each additional biopsy might
be distressing.

Most candidates for early-phase oncology trials involving nondi-
agnostic biopsies have had biopsies before giving consent. This might
decrease enrollment if prior biopsies were unpleasant. In a survey of
patients with various cancer sites who underwent previous biopsies,
36% said that mandatory nondiagnostic research biopsies would deter
them from trial participation.1 On the other hand, investigators can
have confidence that many patients truly understand discomforts
associated with biopsies through personal experience.

Risks of biopsy in irradiated tissue. Irradiation can alter wound
healing, potentially increasing complications after biopsy, such as
delayed healing, infection, dehiscence, fistula formation, and
necrosis.15-18 Wound healing complications in an irradiated field is
correlated with comorbidities, dose, site, and time from irradiation to
surgery.16,19-21 Despite potential complications, neoadjuvant chemo-
radiotherapy is performed frequently, with small or no additional risk
of surgical toxicities.22,23 Additionally, diagnostic biopsies are rou-
tinely performed in treatment fields before radiation. This supports
the concept that biopsies of irradiated tissue can be performed with
minimal complications.

METHODS

Few studies have reported complications associated with biopsies in irradiated
fields. Clinical trials that performed biopsies during or within 4 months of
finishing radiotherapy were identified with a literature review (Table 1).
PubMed and Google Scholar searches were performed, using combinations of
the terms “biopsy,” “radiation,” “clinical trials,” “sequential biopsies,” and
“repeat biopsy.”

RESULTS

Identification of relevant studies was challenging because describing
biopsy complications was usually not a study end point. Nevertheless,
29 studies with 2,160 patients were identified in which various tumors
were biopsied. There were wide variations in radiation dose, biopsy
type, and biopsy timing relative to radiotherapy. Most tumors were
either directly accessible to biopsy or accessible by endoscopy. Biopsies
were almost exclusively less invasive needle or mucosal biopsies rather
than more invasive incisional or excisional biopsies, although some
series performed more invasive procedures in breast, bone marrow,
and lung (Table 2).

The quality of data reported was suboptimal for several reasons.
First, no studies were specifically designed to describe biopsy risks in
irradiated tissue. Sixteen of 29 studies reported adverse events (AEs)

but did not clearly report active evaluation for biopsy complications.
Another 10 studies did not mention AEs within the trial. At least three
studies actively evaluated patients for biopsy complications.

Taking this into consideration, 17 (� 1%) of 2,160 patients were
reported to have biopsy complications. The largest study included 803
patients with nasopharyngeal carcinoma receiving sequential mucosal
biopsies after irradiation.43 Patients reported discomfort but had no
other complications, despite regular evaluation over a median
follow-up of 47 months43 (J. Sham, personal communication, De-
cember 2007). Two studies reported complications directly attribut-
able to biopsy. One reviewed 31 patients with various biopsy types
after conservative surgery and radiation for early-stage breast cancer.51

Eight (30%) of 27 open biopsies were associated with infections and
delayed healing, compared with none of 11 needle biopsies. This series
included an unknown number of patients who underwent biopsy
beyond 4 months after radiotherapy. Another study performed se-
quential rectal biopsies before, during, and after pelvic radiotherapy in
nine patients.50 All patients had mucosal ulceration and one had
contact bleeding at previous biopsy sites. It is uncertain if delayed
healing was clinically significant, because gastrointestinal toxicities are
common with pelvic radiotherapy. Additionally, the lack of an unir-
radiated control population and small sample size complicate inter-
pretation of these data.

DISCUSSION

Results of this review accentuate the poor reporting of AEs associated
with biopsies in clinical trials. How often these biopsies are performed
in clinical practice is unknown. There is an important need to collect
more data regarding AEs associated with biopsies performed in irra-
diated tissues. Investigators should incorporate and report AE end
points for research biopsies in clinical trials.

Despite limited information, these data suggest it is possible to
perform biopsies with acceptable risk in some scenarios when radia-
tion is part of therapy. Tumors easily accessible to biopsy like cervical,
nasopharyngeal, bladder, and gastrointestinal cancers have less risk
than less-accessible tumor sites. Less invasive needle and mucosal
biopsies are likely to yield fewer complications than open biopsies. As
more clinical studies include and report toxicities of these biopsies,
recommendations may be clarified.

Ethical Considerations

Risk-benefit assessment. In modern medicine, the dictum pri-
mum non nocere, “first, do no harm,” is appreciated more for its
figurative meaning than its literal interpretation.53 Procedures like
liver biopsies, bronchoscopy, and venipuncture are routinely per-
formed despite risks and discomforts, because the benefits are thought
to outweigh the potential harm. Nonmaleficence, doing no harm to a
patient, is weighed against beneficence, doing good for a patient. This
balance is evident in oncology, where practitioners administer toxic
therapies hoping to prolong a patient’s life and/or relieve suffering.

In clinical research, risks of interventions must be justified by
anticipated medical benefits to participants and/or knowledge to be
gained. Performing nondiagnostic research biopsies raises ethical con-
cerns because patients undergo a potentially harmful procedure with
no direct benefit. The additional risk of tumor biopsies in clinical trials
has been evaluated.2,3 Trials of this nature have been performed and

Biopsies in Irradiated Tissues
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Table 1. Summary of Studies Reviewed in Which Diagnostic or Nondiagnostic Biopsies Were Performed Immediately Before, During, or After Radiation Therapy

Site First Author Cancer Type Bx Type and Site No. of Patients RT Characteristics
Bx Timing in Relation

to RT Reported AE of Bx

Genitourinary Birkenhake24 Bladder Repeat TURBT 25 54 Gy � 5.4 Gy
boost to bladder

Before: TURBT; After:
6-8 weeks post CRT

AE reported: None
attributed to bx

Cowan25 Bladder Cystoscopy with bx
of lesions after
initial TURBT

� 62 Range: 50-57.5 Gy Before: TURBT; After:
within 4 months

AE reported: None
attributed to bx

Hagan26 Bladder Cystoscopy and
tumor bed bx
after initial TURBT

47 40.8 Gy BID;
concomitant
boost days
1-16 � additional
24 Gy

Before: TURBT;
During: 3 weeks
post initial CRT;
After: within 6
weeks of all
treatment

AE reported: None
attributed to bx

Kachnic27 Bladder Cystoscopy and
tumor bed bx
after initial TURBT

97 Initial � 39.6 Gy;
Total � 63.8 Gy

Before: TURBT;
During: after initial
CRT; After: within
3 months of
completion of CRT

AE reported: None
attributed to bx

Kaufman28 Bladder Cystoscopy and
tumor bed bx
after initial TURBT

33 Initial � 24 Gy;
Total � 44 Gy

Before: TURBT;
During: 4 weeks
post initial CRT;
After: within
3 months

AE reported: None
attributed to bx

Rödel29 Bladder Repeat TURBT 39 Negative margins �
54 Gy; positive
margins � 59.4
Gy

Before: TURBT; After:
6-8 weeks post CRT

AE reported: None
attributed to bx

Shipley30 Bladder Cystoscopy and
tumor bed bx
after initial TURBT

51 Initial � 39.6 Gy;
Total � 64.8 Gy

Before: TURBT;
During: 4 weeks
post initial CRT

AE reported: None
attributed to bx

Tester31 Bladder Cystoscopy and
tumor bed bx
after initial TURBT

42 Initial � 39.6 Gy;
Total � 64.8 Gy

Before: TURBT;
During: 2 weeks
post initial CRT

No comments on
AE

Tester32 Bladder Cystoscopy and
tumor bed bx
after initial TURBT

85 Initial � 39.6 Gy;
Total � 64.8 Gy

Before: TURBT;
During: 2 weeks
post initial CRT

AE reported: None
attributed to bx

Cerciello33 Cervical Cervical tumor bx 40 4 different
regimens;
medians range
from 40 to 96 Gy

Before: pretreatment
bx; During: after 1
week of RT (5
fractions � 9 Gy)

No comments on
AE

Durand34 Cervical Cervical tumor bx 41 EBR 45 Gy �
Brachytherapy
(27 Gy) �
additional
EB � CT

Before: pretreatment
bx; During: every
week on treatment

AE reported: None
attributed to bx

Iwakawa35 Cervical Cervical tumor bx 39 50.6 Gy � high
dose
brachytherapy

Before: pretreatment
bx; During: after 1
week of RT (5
fractions � 9 Gy)

No comments on
AE

Ohno36 Cervical Cervical tumor bx 20 50.6 Gy � high
dose
brachytherapy
(22-24 Gy)

Before: pretreatment
bx; During: after 1
week of RT (5
fractions � 9 Gy)

No comments on
AE

Head and Neck Tessa37 Esophageal Esophagoscopy with
nonmandatory bx

� 14 60 Gy �
brachytherapy
boost (7-28 Gy)

Before: diagnostic bx;
After: 1-2 months
after RT

AE reported: None
attributed to bx

Samant38 PSC Panendoscopy and
tumor bx

25 Range: 68-74 Gy After: 2 months
after RT

AE reported: None
attributed to bx

Samant39 Head/Neck Bx of irradiated
region

25 Range: 66-74 Gy After: 8 weeks
after RT

AE reported: None
attributed to bx

Wanebo40 Head/Neck Bx of irradiated
region

38 Initial � 45 Gy;
Total � 72 Gy

During: 5 weeks
after RT

AE reported: None
attributed to bx

Wanebo41 Head/Neck Bx of irradiated
region

28 Initial � 50 Gy;
Total � 68-72 Gy

After: 8 weeks post
initial CT; 14 weeks
post CRT

AE reported: None
attributed to bx

Kam42 NPC Flex endoscopy and
tumor bx

63 IMRT � 66 Gy �
ICB boost (12 Gy)
for T1-T2a; �
conformal boost
(8 Gy) for T2b-4

Before: pretreatment
bx; After: 6-12
weeks post RT

AE reported: None
attributed to bx

(continued on following page)
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are currently underway, implying that many investigators and institu-
tional review boards consider risks of certain biopsies to be low
enough to warrant their use in clinical trials if they are scientifically
justified and performed with informed consent.

The primary question in this discussion is whether performing
biopsies in irradiated tissue confers additional risk that goes be-
yond acceptable levels of risk for medically unnecessary proce-
dures. Surgical and biopsy data, as well as knowledge of radiation
effects on wound healing, suggest that biopsies in irradiated fields
may have more risk than in nonirradiated fields, even though the
clinical importance of this is not well defined. There is reason to
believe (based on limited information) that less invasive biopsies of
some irradiated tumors can be performed with acceptable risk in
clinical trials. These should be limited to biopsies considered ap-
propriate to perform in trials that do not involve radiotherapy. It is
unclear to what extent radiotherapy increases risks of these biop-
sies, and more information is needed.

Measures should always be taken to minimize the potential for
harm to patients. First, nondiagnostic biopsies should only be
included in trials when necessary scientific information cannot be
obtained with less invasive studies. Justification for biopsies should
be progressively more compelling as risks for desired biopsies
increase. Participants facing high risks because of tumor location
or other factors should be excluded. The number of biopsies
should be minimized through careful sequencing of therapies and
by assaying previously collected tissue when possible. Invasiveness
should be minimized whenever possible by performing mucosal or
needle biopsies rather than open biopsies and by sampling the most
accessible tumor if multiple tumors are present. More invasive
biopsies should be performed with adequate time for wound heal-
ing while minimizing delays and interruptions in therapy. Finally,
investigators should incorporate candidate surrogate assays or im-
aging into clinical trials to identify less invasive alternatives to
biopsies for use in future trials.

Table 1. Summary of Studies Reviewed in Which Diagnostic or Nondiagnostic Biopsies Were Performed Immediately Before, During, or
After Radiation Therapy (continued)

Site First Author Cancer Type Bx Type and Site No. of Patients RT Characteristics
Bx Timing in Relation

to RT Reported AE of Bx

Kwong43 NPC Endoscopy and � 6
irradiated
nasopharynx bx

803 Median � 61 Gy;
Range � 59.5-74
Gy

After: immediately
post RT, repeated
every 2 weeks until
bx were negative

No AE in median
47 months of
follow-up

Tsai44 NPC Bx of irradiated
nasopharynx

25 � 70 Gy After: within 4 months No comments on
AE

Lung Cerfolio45 NSSLC EUS-FNA of
mediastinal lymph
nodes

93 RT with
carboplatinum-
based CT

Before: before CRT;
After: 5.9 weeks
(4.1-10.3) post CRT

No comments on
AE

Gastrointestinal Capirci46 Rectal Proctoscopy with
multiple rectal bx

81 3 fields: 50 Gy, 53
Gy and 56 Gy

Before: before CRT;
After: 4 weeks after
CRT

No comments on
AE

Willett47 Rectal Proctoscopy with
rectal bx

22 EBR Before: 12 days after
bevacizumab
infusion,
immediately before
RT

No comments on
AE

Flam48 Anal Full thickness anal
bx, pretreatment
inguinal node
aspiration and/or
excision

262 (initial); 22
(repeat)

Initial � 45 Gy;
(50.4 Gy boost
for positive
nodes);
Salvage � 9 Gy

Before: nodal bx;
During: 4-6 weeks
after initial CRT;
After: 6 weeks after
salvage RT

AE reported: None
attributed to bx

Hovdenak49 Pelvic Proctoscopy with
multiple rectal bx

33 Range: 54-66 Gy Before: pretreatment
bx; During: 2 weeks
and 6 weeks during
RT

No comments on
AE

Sedgwick50 Pelvic Sigmoidoscopy and
anterior and
posterior rectal
wall bx

9 Range: 50-52.6 Gy During: weeks 2 and 4
during RT; After: 4
and 12 weeks post
RT

Ulceration and
failure of healing
at bx sites

Breast Pezner51 Breast Both open (n � 27)
and percutaneous
needle (n � 11)
breast bx after
breast preserving
surgery

31 50 Gy � 5 to 30 Gy
Boost

Open � 2-81 months
after RT; Needle �
1-52 months after
RT

30% open bx had
infection/delayed
healing; no AE
in needle bx

Other Morstyn52 Breast (1);
Melanoma
(2)

Skin (n � 2), breast
(n � 1),
melanoma
(n � 1), and bone
marrow (n � 1) bx

3 Variable RT doses
and treatment

Before and during RT No comments on
AE

Abbreviations: bx, biopsy; RT, radiation therapy; AE, adverse events; TURBT, transurethral resection of bladder tumor; CRT, chemoradiotherapy; BID, twice daily;
EBR, external beam radiation; IMRT, intensity-modulated radiation therapy; ICB, intracavitary brachytherapy; PSC, pyriform sinus carcinoma; NPC, nasopharyngeal
carcinoma; NSSLC, non–small-cell lung cancer; EUS-FNA, endoscopic ultrasonography.
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Informed consent. The only scenario when competent adults can
participate in research with more than minimal risk, without direct
benefit, is with informed consent. A comparable example in clinical
practice is when individuals become living donors of kidneys, liver,
and bone marrow to benefit transplant recipients. Federal regulations
allow research subjects to accept risks with no chance of personal
benefit and with no threshold on the risk a competent adult can
accept, provided the information gained justifies the risks.54 As such,
competent adults can consent to nondiagnostic biopsies in clinical
trials, although there are some special considerations.55-57

Patients often overestimate potential benefits from clinical trial
participation.1,58,59 A patient could possibly minimize a biopsy’s risk
because of perceived benefits from investigational therapies. The ten-
dency of patients to confuse research participation with standard
medical care has been termed the therapeutic misconception.60,61 This
might occur if patients assume that biopsies are routine medical care
and will somehow benefit them. To counteract this misconception, a
distinction should be made between the investigational agent and the
biopsies. Investigators can emphasize that biopsies are performed
strictly for scientific purposes by using a separate consent document
for the research biopsy. Consideration should be given to short tests of
comprehension or other measures to ensure understanding on the
part of the patient before accepting consent. Other ways to clearly
separate trial components include using a provider other than the
researcher to obtain consent62 or by offering financial compensation,
which is routinely used in other types of nontherapeutic research.
Payment for nondiagnostic research biopsies would reinforce the fact
that these procedures are not intended for the medical benefit of
participants. If the payment is modest it would not raise any ethical
concerns about coercion or undue inducement.

Patients participating in any trial or procedure accept some de-
gree of uncertainty. They are given information regarding likelihood
of complications, but they cannot know if they will experience com-
plications. Patients undergoing nondiagnostic research biopsies in
irradiated fields as part of a trial should understand the uncertain
potential for biopsy complications.

Mandatory versus optional biopsies. Some have proposed that
nondiagnostic research biopsies should be optional rather than man-
datory, especially if the scientific value of the biopsy is not yet estab-
lished.3 The primary ethical argument against mandatory biopsies is

that they are potentially coercive. The Belmont Report defines coer-
cion as occurring “when an overt threat of harm is intentionally
presented by one person to another to obtain compliance.”63

For clinical trials in which biopsy is an indispensable compo-
nent, there is no threat or penalty. Rather, the biopsy is a nonop-
tional condition on the offer to receive experimental treatments,
which are not otherwise available. Those who refuse the package of
experimental treatment and mandatory biopsy are not denied
medically indicated treatment. Because patients are not entitled to
receive investigational treatments outside of clinical trials, it is
neither coercive nor unfair to make biopsies mandatory when they
are necessary to evaluate safety or efficacy; however, the risk of
these biopsies and their necessity should be carefully weighed by
the investigators and the institutional review board approving the
clinical trial to ensure that they are in fact necessary. When biopsies
are not deemed necessary to assess efficacy or safety, they should be
optional. Nevertheless, patients with advanced cancer are often
desperate and may perceive a greater chance of benefit than actu-
ally exists. Thus it is important to convey an accurate understand-
ing of the typically small chance of benefit from early-phase trials.

Optional research biopsies pose logistical problems. Specific
numbers of patients are needed in early-phase trials to evaluate effects
of ascending drug doses. If biopsies are necessary to understand drug
effects on a target molecule, then a trial will also need defined numbers
of biopsies at each dose level. Optional biopsies could result in too few
patients accepting biopsies, needlessly exposing an excess of patients to
an investigational drug. Conversely, if too many patients accept biop-
sies, an unnecessarily high number of biopsies may be performed.
Either situation may be unethical.

Optional biopsies may be most useful if the number of biopsies
needed is much lower than the number of patients receiving each dose
of an investigational agent or for studying secondary end points. Other
strategies may include mandatory biopsies for the first patients en-
rolled or random assignment of participants to biopsy and nonbiopsy
groups. However, these strategies also have logistical problems and
concerns about fairness. Whatever the strategy for determining which
patients receive biopsies, the process should be made transparent in
the informed consent document.

Summary and recommendations. In conclusion, inclusion of
nondiagnostic research biopsies in clinical trials raises ethical concerns

Table 2. Summary of Results From Studies Reviewed

Bx Site Tumor Site (if different) No. of Studies No. of Patients Rest Time to Bx RT Dose Received at Bx (Gy)

Bladder 9 � 481 2-8 weeks 24-64
Cervix 4 140 Immediate 9-74
Esophagus 1 � 14 4-8 weeks 60-88
Oropharynx/nasopharynx 7 1,007 Immediate to 16 weeks 45-78
Mediastinal lymph nodes Lung 1 93 4-10 weeks Not reported
Anus/rectum/colon 5 391 Immediate to 12 weeks 25-66
Breast 2† 32� Immediate to 81 months 0-80
Skin Breast, melanoma 1† 2� Immediate Not reported
Bone marrow Melanoma 1† 1� immediate Not reported
All, n � 9 29 2,160 Immediate to 16 weeks† 0-88

Abbreviations: Bx, biopsy; RT, radiotherapy.
�One study included two patients with breast cancer who had breast biopsies (one patient also had skin biopsy) and one patient with melanoma who had bone

marrow and skin biopsies.
†One study performed biopsies up to 81 months.
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because a potentially harmful procedure is performed with no direct
benefit. This issue is complicated by uncertainty about whether per-
forming biopsies in irradiated fields adds significant risk. In addition,
combining targeted agents with cytotoxic therapies or radiation may
require multiple research biopsies, each with risks and discomforts.
Nevertheless, it is ethical for patients to participate in such trials as long
as potential complications are minimized. Mandatory biopsies in
early-phase trials of investigational agents are ethical, and are not
coercive when adequate consent is obtained. The most important
ethical issues in clinical trials involving nondiagnostic research biop-
sies are careful risk assessment and ensuring proper informed consent,
which requires that patients understand that biopsies are potentially
harmful with no direct benefit to them.

Recommendations regarding risk assessment of nondiagnostic
research biopsies in clinical trials follow. First, risks of biopsies should
be minimized by performing only scientifically necessary biopsies
with minimal invasiveness. Clinical trials should obtain the maximum
amount of information from a minimal number of biopsies without
compromising the efficacy of therapy or significantly delaying ther-
apy. All clinical trials that perform biopsies in combination with other
therapies should actively study and report complications. The authors
advocate that a reporting of AEs from trials performing research-only

nondiagnostic biopsies should be included as part of the publication
review process. Finally, investigators should incorporate correlative
assays of tumor tissue with candidate surrogate biomarkers and imag-
ing that might be alternatives to biopsies in future trials of agents with
similar targets.
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