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o r i g i n a l  c o m m u n i c a t i o n

IntroductIon

Mr Thomas, a 65-year-old African American 
retired bus driver, was referred for evaluation 
of an asymptomatic lung nodule. He smoked 

1 pack of cigarettes daily for 50 years but had quit 1 
year ago. A computed tomography (CT)–guided needle 
biopsy established the diagnosis of non–small cell lung 
cancer. Radiographic studies disclosed no evidence of 
metastases, consistent with stage I lung cancer. Surgi-
cal resection was recommended to the patient and his 
wife, but both were very hesitant about proceeding with 
the surgery. They indicated that several family members 
had told them that lung cancer spreads when exposed to 
air during surgery, and a close friend had died less than 
6 months after undergoing lung cancer surgery.

The belief that exposure of lung cancer to air during 
surgery causes tumor spread, and thus leads to a poor 
outcome, is not uncommon. In a study of more than 600 
patients in pulmonary and thoracic surgery clinics, 40% 
believed that exposure to air promotes lung cancer 
metastasis.1 Further, 10% said they would refuse surgery 
for lung cancer on these grounds, with 9% indicating 
their physicians could not convince them otherwise.1 
Consistent with this report was the finding of an Ameri-
can Cancer Society telephone survey of the general pub-
lic, which found that 41% endorsed the belief that sur-
gery spreads cancer.2 This belief that surgery spreads 
lung cancer has the potential to lead to refusal of life-
saving surgery. It may be more prevalent in minority and 
economically disadvantaged communities,1 and thus has 
been suggested as a cause of disparities in lung cancer 
outcomes in these groups.

In order to more effectively engage patients who fear 
that surgery will cause the spread of their lung cancer, the 
literature relevant to this belief was reviewed to better 
understand the historical, medical, and cultural aspects of 
this belief. The literature reviewed was obtained through 
searches of online databases (Medline; PubMed; and the 
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Background: The belief that exposure of lung cancer to air 
during surgery causes tumor spread is prevalent but poorly 
understood.

Purpose: The purpose of the study was to summarize the pub-
lished literature on the potential historical origins of this belief, 
study the recurrence rates of surgically treated stage I non–
small cell lung cancer, research the mechanisms by which sur-
gery might promote tumor growth and metastasis, and exam-
ine the social and cultural implications of this belief.

Data Sources: Various databases, reference lists, and expert 
contacts were the sources of data.

Findings: Although the origin of this belief is obscure, its emer-
gence may have been due to early debates within the medi-
cal community about the risks of lung biopsies, the significant 
surgical morbidity initially associated with thoracic surgery, 
and the difficulty early on of staging lung cancer patients 
before surgery. Approximately one-third of patients under-
going curative surgery for stage I lung cancer experience a 
recurrence of the tumor. Most recurrences are detected in 
the first 24 months after resection and likely reflect the pres-
ence of undetected, occult metastases at the time of surgery. 
Mechanisms by which surgery could promote tumor growth 
and worsen prognosis include direct seeding of tumor at local 
sites, tumor manipulation, stimulation of subclinical tumor by 
postsurgical inflammation, and accelerated metastatic tumor 
growth due to loss of inhibitory factors derived from the pri-
mary tumor. These beliefs are more likely to be prevalent, and 
resistant to change, in minority and disadvantaged groups.

Conclusions: These findings provide the basis for an approach 
to patients who fear the spread of their cancer by surgery.
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History of Science, Medicine, and Technology database), 
printed databases (Index Medicus and the Index-Catalog 
of the Surgeon General of the United States), reference 
lists, bibliographies, and citations in articles and books 
and by expert contacts. This paper will therefore review 
possible historical origins of this belief, tumor recurrences 
after surgery for stage I lung cancer, potential mecha-
nisms by which surgery might lead to tumor dissemina-
tion, and the social and cultural implications of this belief. 
These findings will then provide the basis for a suggested 
approach for engaging patients who express concerns 
about spread of the cancer by surgery.

HIStorIcAl PerSPectIveS on 
Surgery For lung cAncer

The notion that exposure of lung cancer to air during 
surgery spreads the tumor probably began at the time of 
the first lung resections in the opening decades of the 
20th century. Although the origin of this belief is obscure, 
at least 3 historical factors may have contributed to its 
emergence and then establishment in the collective 
psyche of the public: early debates within the medical 
community about the risks of performing lung biopsies, 
the significant surgical morbidity initially associated 
with thoracic surgery, and the difficulty in those early 
years of staging patients before the operation.

debates About the risks of 
tumor Biopsies

In the first decades of the 20th century, there was a 
vigorous debate within the medical community about 
the risk of cutting into a tumor to obtain a biopsy and 
then returning later to remove it. When the New York 
Department of Health’s started a tumor diagnosis ser-
vice in 1917, Thomas L. Stedman, the editor of the Med-
ical Record, argued that biopsy would cause metastasis 
and therefore was tantamount to homicide.3 For physi-
cians, subsequent studies in mice demonstrating that 
biopsies could be performed without spread of the tumor 
helped to settle this issue.4-6 However, during this time, 
some of the medical debate about the safety of biopsies 
may have caught the attention of the general public and 
led to an initial sense in the minds of many lay people 

that manipulation of lung cancers (or maybe any tumor) 
might be hazardous.

Surgical Morbidity Initially 
Associated With thoracic Surgery

The development of artificial means of ventilatory 
support, first in the form of negative pressure surgical 
chambers and then by endotracheal intubation with pos-
itive-pressure ventilation, ushered in the modern era of 
thoracic surgery in the 1930s.7-10 Prior attempts to per-
form surgery within the chest in the late 19th century 
had proved unsuccessful because of death due to respi-
ratory failure, either during or shortly after the proce-
dure.11 By 1933 successful pneumonectomies had been 
performed by surgeons in Europe, Canada, and the 
United States.12-19 Although these reports established the 
surgical feasibility of the procedure, intraoperative hem-
orrhage and respiratory failure remained the principal 
dangers during surgery, while pneumonia, empyema, 
and sepsis emerged as major causes of early postopera-
tive death. As a result, the mortality rates of pneumonec-
tomies in the 1930s were high, ranging from 45% to 
90%.20 In light of this significant mortality, it would not 
have been unexpected that surgery involving the lung 
could have come to be viewed as risky. It was not until 
the 1950s, with improvements in surgical techniques 
and the use of blood transfusions and antibiotics, that 
the surgical mortality associated with lung resections 
fell to less than 10%.21

Initial limitations of Preoperative 
lung cancer Staging

During the 1930s, the ability to stage patients with 
lung cancer prior to surgery was limited since conven-
tional x-rays and the physical examination were the only 
means available for noninvasively evaluating patients. 
Therefore, exploration of the chest at the time of the tho-
racotomy became the standard approach in many patients 
for evaluating the extent of disease within the thorax.22,23 
As asserted by Alton Ochsner and Michael DeBakey, 
leading surgeons of the time,

table. Resection Rates in Early Thoracotomy Series

Source years
total lung cases 

in the Series
number taken 
to thoracotomy

no. (%) of thoracotomy 
Patients Whose cancers 
could not Be resected

Reinhoff24 1933-1944 Not noted 181 110 (61%)
Adams25 1931-1946 157 94 45 (47.8%)
Jones26 1943-1947 197 66 27 (41%)
Churchill27 1937-1944 996 152 77 (50.7%)
Ochsner, DeBakey, Dixon28 1931-1947 2034 594 272 (45.8%)
Bernatz and Clagett29 1947-1951 Not noted 203 60 (29.6%)
Reinhoff, King, Dana30 1933-1956 Not noted 699 450 (64.4%)
Boyd et al31 1933-1959 628 340 145 (42.7%)
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It is our firm conviction that borderline cases 
should always be given the benefit of exploration 
even at the risk of closing up a relatively large 
number without removing the tumor, because it is 
the only means by which operability can be abso-
lutely determined in these instances.20

As a result, surgical series published through the 1940s 
(Table) reported that up to 65% of lung cancer patients 
who went to thoracotomy were deemed inoperable at the 
time of surgery.24-31 With so many patients undergoing 
“open and close” procedures because the tumor had 
spread further than originally thought, it would not be 
difficult for a folk belief to emerge in which the opening 
of the chest (and its subsequent exposure to air) came to 
be seen as the reason why the tumor could not be 
removed, or the cause of a worse outcome. Beginning in 
the 1950s, however, the ability to stage lung cancer 
patients steadily improved with the introduction of medi-
astinoscopy and the use of surgical exploration of the 
abdomen for metastases in the late 1950s and early 
1960s,32,33 followed by the emergence in the 1970s of 
noninvasive imaging technologies such as radionucleo-
tide bone scans and computer-assisted tomography.34,35 
As a result, by 1980 patients whose cancers were deemed 
unresectable at thoracotomy had fallen to less than 
10%,36 but probably not before the belief in the dangers 
of exposing a cancer to air had gained a foothold within 
segments of the lay community.

recurrence oF StAge 1 non–SMAll 
cell lung cAncer AFter Surgery

The recurrence rate after surgery for pathologic stage 
I non–small cell lung cancer has been well studied. In 
2001 Jones and Detterbeck published a comprehensive 
review of existing data on more than 11 000 patients, 
summarizing 19 studies published from 1980-2000 
involving at least 250 patients each.37 The overall 5-year 
survival for surgically treated stage I tumors was 65% 
(71% for stage IA cases and 55% for stage IB); about 
33% of patients suffered a recurrence. A recently pub-
lished study reported only slightly better 5-year survival: 
77% for stage IA and 61% for stage IB.38

Further analysis by Jones and Detterbeck of 7 large 
series disclosed that, on average, 57% of the deaths were 
related to recurrent lung cancer, 11% to new primary 
lung cancers, and 33% to nonpulmonary cancers and 
nonneoplastic conditions.37 Thus, about 17% of patients 
undergoing surgery for stage I non–small cell lung can-
cer died of recurrent disease within 5 years of the opera-
tion. Risk factors for recurrence include tumors  staged 
as T2 disease based on the tumor, node, and metastases 
(TNM) staging system, adenocarcinoma, visceral pleu-
ral invasion, vascular invasion, symptoms at the time of 
presentation, and an elevated carcinoembryonic antigen 
level. Finally, these authors detailed the nature of lung 

cancer recurrence in 11 large studies: 32% were local or 
regional recurrences, while 68% were distant or both 
local-regional and distant. Most recurrences (60%) were 
detected within the first 24 months after resection, but 
the exact time to recurrence was variable and not explic-
itly stated. In 1 series the recurrence rate was 15 cases 
per 100 patient-years of observation in the first postop-
erative year;39 in another the median time to recurrence 
was 13 months (range, 2-58 months).40 The most com-
mon distant sites of recurrence were brain, bone, and 
liver. The likelihood of recurrence decreases after 24 
months but is still 7% to 9% in patients who are clini-
cally disease free after 5 years.

One factor that likely contributes to what is termed 
lung cancer recurrence is the presence of occult metas-
tases at the time of resection that were undetected by 
preoperative scans, leading to the erroneous classifica-
tion of a patient who actually harbors advanced disease 
as resectable. This is not so much a recurrence as the 
failure to accurately stage the patient at the time of sur-
gery followed by the delayed clinical presentation of 
previously unrecognized metastatic disease. In a 1973 
study 28.5% of 140 patients considered to have had a 
curative surgical resection and then subsequently autop-
sied within 30 days of surgery showed evidence of resid-
ual, local, or metastatic disease.41 As preoperative scan-
ning becomes more sophisticated, this should be less of 
a problem, but recent data indicate that clinical under-
staging remains a significant issue. For example, a study 
from the Mayo Clinic in 2004 reported that 16% of 32 
patients who had undergone autopsy within 30 days of 
“curative” surgery for non–small cell lung cancer were 
found to harbor metastatic disease, despite the use of CT 
in preoperative staging.42 More recently, Ost et al, report-
ing on Surveillance, Epidemiology, and End Results 
SEER) registry data from 1988-2000, described a worse 
prognosis for stage I adenocarcinomas (particularly 
those with initial size >3 cm), likely due to late recur-
rences and deaths which seemed to emerge from micro-
metastases after 2 years.38 These data are consistent with 
studies employing sensitive immunochemical tech-
niques that have detected circulating tumor cells or 
micrometastases in bone marrow and/or regional lymph 
nodes in 18-60% of patients with operable lung can-
cer.43,44 Whether still more sophisticated scanning tech-
niques, such as PET and PET-CT, would impact these 
findings and reduce the number of unnecessary thora-
cotomies is unknown.45,46 Genetic changes, such as meth-
ylation of key promoter genes, may prove helpful in 
detecting micrometastases in histologically normal 
nodes, as these types of alterations have been associated 
with a 25-fold increased risk of recurrence after resec-
tion of stage I lung cancer.47 On an individual level recur-
rences due to understaging are the kinds of experiences 
that might help to reinforce beliefs about the hazards of 
exposing a tumor to air.
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MecHAnISMS By WHIcH Surgery 
MIgHt ProMote tuMor groWtH 
And dISSeMInAtIon AFter Surgery

Although there is no scientific basis for the notion 
that the actual exposure of tumors to air negatively 
affects outcome, there are at least 4 possible mecha-
nisms by which surgery could promote tumor growth 
and worsen the patient’s prognosis: direct seeding of 
tumor at local sites, tumor manipulation, stimulation of 
subclinical tumor foci by postsurgical inflammation, and 
accelerated metastatic tumor growth due to loss of inhib-
itory factors derived from the primary tumor.

direct local Seeding
The intraoperative spillage of tumor cells at local sites 

and in the surgical wound has long been recognized as a 
complication of cancer surgery.48,49 Video-assisted thora-
scopic resections of lung malignancies, though less inva-
sive, have also been associated with local seeding, albeit 
rarely.50-52 Reported sites of tumor implantation following 
these procedures have included port sites, pleura, resec-
tion margins, and other lung parenchymal sites. It is also 
important to note that tumor implantation may occur 
along the tract of previous diagnostic needle biopsy that 
could manifest as a recurrent tumor in the chest wall or 
pleura after the presumably curative surgery.53,54

tumor Manipulation
Beyond local seeding that might occur with perturb-

ing and removing the tumor, there is evidence that 
manipulation of the tumor may result in hematogenous 
dissemination of the malignancy. This includes animal 
data demonstrating that surgical manipulation of tumors 
may enhance the formation metastases,55,56 and studies of 
patients undergoing cancer surgery in which tumor 
manipulation increased the seeding of malignant cells 
into the circulation.57,58

Postsurgery Inflammation
The host response to infection or injury involves the 

elaboration of inflammatory mediators that enhance the 
adhesiveness of circulating leukocytes to the endothe-
lium and thus promotes leukocyte recruitment.59 It is 
now well established that recruited leukocytes, particu-
larly infiltrating macrophages, may promote tumorigen-
esis.60 Consequently, the postsurgical inflammatory state 
could lead to increased trafficking of leukocytes out of 
the circulation and their accumulation in microdeposits 
of tumor with the potential for stimulating the growth of 
subclinical tumor foci. Further, the molecules on acti-
vated endothelium that mediate adhesiveness to leuko-
cytes also promote tumor-endothelial cell adhesion in 
vitro61 and have been implicated in the development of 
tumor metastases in vivo.62,63 Moreover, these data are 
consistent with the finding of animal studies demon-
strating that the postsurgical inflammatory state facili-

tates the establishment of metastatic deposits.64 Thus the 
trauma of thoracic surgery with the resulting inflamma-
tion has the potential of promoting the endothelial 
attachment of circulating tumor cells and the establish-
ment of new metastatic deposits.

loss of Inhibitory Factors derived 
From the Primary tumor

Lastly, a number of elegant studies have established 
that a large primary tumor may suppress the growth of 
small and dormant metastatic deposits of the tumor.65 
The explanation of these data involves a model in which 
the primary tumor induces the expression of not only 
tumor-promoting proangiogenic mediators but also 
tumor-inhibiting antiangiogenic factors, with the inhibi-
tors having a significantly longer circulating half-life 
than that of the stimulators. It is proposed that the size of 
the primary tumor is such that local/tissue concentra-
tions of proangiogenic factors are sufficiently high to 
counter the suppressive effects of the inhibitors. How-
ever, the long half-life of the antiangiogenic factors per-
mits them to reach the metastatic tumor deposits in 
amounts where they are able to exert suppressive effects 
due to the small sizes of the metastatic foci and their rel-
atively low output of pro-angiogenic factors. Therefore 
it would be predicted that removal of the primary tumor 
and the resulting loss of factors suppressing metastatic 
foci could lead to accelerated growth of clinically unrec-
ognized tumor deposits.65

SocIAl And culturAl IMPlIcAtIonS
Improvements in diagnosis, surgery, and chemother-

apy in the past century have made lung cancer a surviv-
able cancer for those with early-stage disease. Unfortu-
nately, the overall 5-year survival for all patients with 
lung cancer is still only 15.2% based on the most recent 
SEER data, weighted heavily by the fact that the major-
ity of patients have metastatic disease at the time of 
diagnosis.66 Lung cancer disproportionately affects the 
poor and members of racial minorities, who also have 
shorter survival times on average.67-69 Some of these dis-
parities may be due to a later stage at diagnosis and/or 
poor access to health care.70,71 Because surgery repre-
sents the greatest chance for cure, numerous studies 
have tried to understand disparities in the use of surgery 
for early-stage lung cancer, attempting to separate medi-
cal comorbidities, health care access, physician advice, 
and the world view and preferences of the patient.72-77

What has been presented above provides some under-
standing of the possible origins of the belief that expo-
sure to air causes the spread of a tumor. Many physi-
cians, however, will still find it baffling that such notions 
continue to persist in the era of modern medicine, par-
ticularly in minority and disadvantaged communities, 
despite scientific evidence to the contrary. As Roger 
Bacon noted centuries ago,78 personal experience forms 
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the basis for many beliefs, even in the face of over-
whelming scientific fact. That is, evaluations by patients 
of the likely outcome of cancer are based not only on 
what they learn from their physicians (“science”), but 
also their personal experiences and the experiences of 
their friends and family members. Since disparities in 
lung cancer outcomes make it less likely that people 
from poor socioeconomic backgrounds and members of 
racial minorities will have positive outcomes,67-71 the col-
lective experiences of these groups would lead to the 
understanding that lung cancer is likely to be fatal. These 
experiences are consistent with and help to reinforce 
more general notions about the risks of cancer spread 
during surgery. Further specific social or cultural experi-
ences may lead to an overall group distrust of physicians 
and their scientific claims. This has certainly been the 
case for some African American communities, where 
specific histories of discrimination in medical settings, 
particularly when viewed in the context of the notorious 
Tuskegee Syphilis study, have contributed to distrust of 
the medical community.79-82

The writings of Charles Sanders Peirce,83 a 19th-cen-
tury philosopher whose theories of belief remain influen-
tial,84 provide further insights into the development of 
belief. He described 4 processes, or “methods,” that drive 
and sustain belief. In addition to the method of science, 
which he preferred, and the a priori method—that is, 
common sense reasoning arising from experience—he 
recognized 2 other possible bases of belief: the methods 
of authority and tenacity. Authority argues that commu-
nities preserve belief through group consensus, coercion, 
and sometimes force. In impoverished communities and 
among many racial minorities, community leaders and 
tradition represent authority. Relevant to beliefs about 
the dangers of lung cancer surgery, leadership and cul-
tural traditions within segments of these groups have 
longed fostered suspicions of medical authority. Tenacity 
represents an individual’s personal commitment to his or 
her beliefs. Once a community has accepted a belief, 
tenacity causes individuals within the group to maintain 
that belief and is often at work when respondents indicate 
that nothing could change their minds.

The significance of all this is that regardless of the 
origins of beliefs about the hazards of lung cancer sur-
gery, these beliefs are more likely to be prevalent in 
minority and disadvantaged groups, often as an attempt 
to explain poor outcomes in their communities. They are 
also more resistant to change, due to certain shared 
experiences, community leadership, and traditions that 
are distrustful of medical authority, and the inertia asso-
ciated with changing established patterns of belief.

reSPondIng to PAtIentS WHo 
exPreSS tHIS BelIeF

It is easy to dismiss beliefs about the hazards of 
exposing lung cancers to air as mere superstition. We 

believe, however, that a more effective response is to 
carefully listen to the patients’ concerns and then respect-
fully engage them in a discussion about their beliefs. 
The physician certainly has the obligation to ensure that 
the patient is making an informed decision and to advo-
cate for the treatment that is felt to be in the best interest 
of the patient. A dismissive approach is much more 
likely to distance the physician from the patient and to 
make the patient less willing to accept the physician’s 
recommendations.

In developing a response, several things should be 
kept in mind. First, belief in the hazards of exposing 
tumors to air may have been reinforced by the personal 
experiences of the patient. Such experiences need to be 
identified and “unpackaged.” Second, while exposure of 
a cancer to air might not stimulate its growth, there are 
plausible scientific mechanisms by which factors associ-
ated with lung cancer surgery could promote the devel-
opment of subclinical metastatic tumor foci. It is impor-
tant to acknowledge this while affirming the benefits of 
surgery. Last, expression of this belief may actually 
reflect other unspoken concerns, such as a more general 
fear of surgery or distrust of the physician, which may 
also need to be explored. Suggested questions and/or 
responses to the patient could include:

You are not alone in having this belief, as many 
lung cancer patients who are deciding whether 
or not to have lung cancer surgery have the same 
concern. Has something like this happened to 
someone close to you?
In many ways what you are asking is, “Will the 
surgery itself make the cancer worse?” Although 
we are not entirely sure, in a small number of 
instances it is possible that surgery for lung cancer 
may stimulate the spread of the tumor. However, 
the good news is that research has told us that even 
with this possibility, you are much more likely to be 
alive with surgery than without it.
What fears do you have about the surgery itself?
Do you have any concerns about how you have 
been or will be treated?

As noted above, these beliefs can be quite strong and 
the patient may still be reluctant to consider surgery, 
even after a respectful and careful conversation with the 
physician. In these situations it is appropriate to sched-
ule a follow-up visit for further discussion and to encour-
age the patient to use the intervening time to reflect on 
the conversation with the physician.

In the end, the decision to accept or reject surgery 
rests with the patient. Although the physician advocates 
for what is potentially lifesaving therapy, the physician’s 
ultimate responsibility is to ensure that the patient has 
made an informed decision. Understanding that beliefs 
about the dangers of lung cancer surgery are not crude 

•

•

•
•
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manifestations of superstition or ignorance will enable 
the physician to do this with patience, humility, and 
sensitivity.
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