Five reasons for caution in advocating low-dose computerized
tomographic lung cancer screening
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Abstract: The 53.5K-person, low-dose computerized tomographic (LDCT), National Lung Cancer

Screening Trial (NLST) achieved a 20% reduction in lung cancer mortality and a 6.7% reduction in all-

cause mortality at 6.5-year median follow-up. Failure of European LDCT trials employing null (i.e.,

unscreened) controls to reproduce this benefit compels caution in adopting a policy of population screening.

Additional concerns merit attention: surgical mortality is not trivial; overdiagnosis is substantial; disease-free

life expectancy and quality of life are markedly diminished by loss of pulmonary reserve; the combination of

overdiagnosis and diminished disease-free life expectancy is pernicious.
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Failure to reproduce the benefit of National Lung
Cancer Screening Trial (NLST)

The NLST choice of controls was based on a sound
rationale: “Chest radiography was chosen as the screening
method for the control group because radiographic
screening was being compared with community care (care
that a participant usually receives) in the Prostate, Lung,
Colorectal and Ovarian (PLCO) Cancer Screening Trial.
The designers reasoned that if the PLCO trial were to show
a reduction in lung-cancer mortality with radiographic
screening, a trial of low dose CT screening in which a
community-care group was the control would be of less
value, since the standard of care would have become
screening with chest radiography. Nevertheless, the choice
of radiography precludes a direct comparison of low-dose
CT with community care. Analysis of the subgroup of
PLCO participants who met the NLST criteria for age and
smoking history indicated that radiography, as compared
with community care, does not reduce mortality” (1).

A 30K subgroup of persons in the PLCO trial who met
the age and smoking screening criteria of the NLST were
evaluated to compare the effect of null to chest radiograph
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(CR)-screening (2). Their report of an unprecedented
differential lung cancer incidence constitutes grounds
for questioning their equivalence: the number of cases of
lung cancer identified in the null (unscreened) group [520]
exceeded that in the CR-screened group [518]. Previous
experience in large CR screening trials demonstrated that
22-24% more cases were identified in the CR-screened
vs. null controls (3). Furthermore, as expected in a large
population, while the annual reported intergroup difference
in lung cancer fatality was trivial in most years, two annual
reports cited fatality differences of 39 and 44 cases (3).
Individually and in combination, these outlier data are
difficult to credit. They strongly suggest erratic reportage.
Mortality in the CR-screened and unscreened groups did
not materially differ.

None of three reporting European trials, each of which
employed null controls, reproduced the benefit reported
in the NLST (4,5). They were collectively one-fifth
the size of the NLST—10.7K vs. 53.5K subjects. They
reported overall greater morbidity, more operations for
benign conditions, and higher mortality in the low-dose
computerized tomographic (LDCT) cohorts.
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Surgical morbidity/mortality

Centers of excellence, screening selected candidates,
achieved markedly favorable results. Surgical mortality
for pulmonary resection in the NLST was 1% (1). The
International ELCAP reported an operative mortality of
0.6% (6). To what extent these figures will be reproduced
under less favorable circumstances is not known. The
National Cancer Database reported on 119K persons with
surgically managed non-small cell lung cancer (NSCLC):
30-day mortality was 3.4% overall; 2.6% for lobectomy;
4.2% for wedge resection; 4% for extended lobectomy/
bilobectomy and 8.5% for pneumonectomy. Of patients
who underwent lobectomy, 9.1% had an extended length of

stay (7).

Overdiagnosis

By definition, lung cancer survival in overdiagnosed
persons is 100%. Veronesi et al. advanced the concept
of employing tumor volume doubling time (TVDT) to
quantify overdiagnosis (8). The principal limitation of this
measurement is that it fails to account for the effect of
competing lethal morbidities, which are age and tumor-
dimension-related (see supplementary) Comparison of
the number of cases in the screened vs. control cohorts,
after allowing sufficient follow-up for the appearance of
most clinically relevant cancers in the controls, is a simple
method of estimating its magnitude. Many more cases
(47%, 45%, respectively)—almost exclusively stages I-II—
were identified in the European LDCT-screened cohorts
vs. null controls after an 8-9-year period of follow-up (4,5).
Considering their stage and the duration of follow-up, the
majority of the excess cases were likely overdiagnosed. The
percent of excess cases in the LDCT vs. null controls is
twice that in CR vs. null controls—22-24% (3) and 3.5-fold
that in LDCT vs. CR—13% (1).

Reduced long-term, postoperative, disease-free
survival

Eguchi et al. reported that in patients < 65, 65-75, and >
75 years of age, their intermediate-term (5-year) noncancer
cumulative incidence of death were, respectively, 1.8%,
4.9%, and 9.0% (9). Brown ez 4l. (10) compared non-cancer
mortality of persons with lung cancer to the U.S.
population and found their relative hazard of death to be
nearly three-fold the non-cancer death hazard in age and
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gender matched persons with cancers originating in non-
vital organs viz., colon and breast. Sugimura and Yang (11)
in a review of long-term survivorship in lung cancer,
reported post-resection disease-free relative survival of 60%
vs. matched U.S. peers. They pointed out an additional
harm: many long-term survivors of lung cancer experienced
a marked reduction in their quality of life. We reported a
virtually identical (41%) reduction in long-term disease-free
survival vs. matched U.S peers in persons who underwent
lobectomy for stage I NSCLC. The design of our study
differed from the prior two by identifying loss of pulmonary
reserve as its primary cause and by identifying a 6-year
latency (Figure I) in the appearance of bulk of the survival
deficit (12). A deficit of this magnitude, were it attributable
solely to the subjects’ smoking-related comorbidities, would
be incompatible with their tolerance of a major surgical
procedure and the observation that they experienced little
reduction in life expectancy for 6 years following the
surgical loss of > 1/9" of their pulmonary reserve.

Combined effect of overdiagnosis and reduced
long-term disease-free survival

In centers of excellence providing LDCT-screening and
surgical management to selected individuals, nearly half
the persons with lung cancers will be overdiagnosed.
Their life expectancy will be reduced by 40%, many will
experience a marked reduction in their quality of life and
some will undergo an interventional cascade prompted by
incidental findings. For overdiagnosed individuals, there is
no potential offsetting benefit. For LDCT screening to be
beneficial, it will have to achieve an offsetting reduction in
lung cancer mortality that substantially exceeds these harms.

Summary and conclusions

(I)  European LDCT screening trials, employing null
controls, have thus far failed to reproduce the benefit
reported in the much larger NLST, which employed
CR controls. Collectively, they reported worse
outcomes in the screened cohorts.

(II) Centers of excellence screening selected subjects
achieved a remarkably low level of surgical mortality.
To what extent this will be reproduced in community
settings is unknown.

(IT) Long-term survivors of lung cancer will experience
a ca. 40% reduction in life expectancy; most of the
deficit will appear after 6 years; many will, in addition,
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Figure 1 Kaplan-Meier survival of recurrence—free persons vs. actuarial expectations. Reprinted with permission (12).
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Supplementary

Some readers may find helpful a brief summary of the
derivation and employment of algorithms which we found
conceptually useful in addressing overdiagnosis and disease-
free lung cancer survival.

Geddes (13) furnished conceptual and empirical evidence
that lung cancer growth can be modeled as an exponential
function that assumed clonal origin and a constant TVDT.
Under these assumptions, the lifetime natural history of LC
comprised 40 tumor volume doublings (TVDs) to achieve
a lethal diameter of ca. 10 cm. The volume of a sphere is
given by (4/3)nr’. Volume doubling therefore requires an
increase of the radius by a factor of the cube root of 2 (=1.26).
Under the assumption that the clonal cell diameter (D) is
0.001 cm, the number of TVD (x) required to achieve a
specified D (y) in cm is given by: tumor D = cell D (cube
root of 2)™™ e o TVP L p y = 0.001(1.26)". Conversion to the
logarithmic form simplifies computation: x=In(1000y)In(1.26)
or In1000y)0.231 (14). We estimated mean TVD'T of stage
I NSCLC = 230 days (14). Under these assumptions, the
number of TVDs required to achieve a diameter of 0.5, 1.5
and 2.5 cm are, respectively, 26.9, 31.6 and 33.9. To attain a

lethal diameter of 10 cm requires 13.1, 8.4 and 6.1 further
TVDs corresponding to 8.3, 5.3 and 3.8 years. The duration
of exposure to competing lethal comorbidities directly affects
the likelihood of overdiagnosis. The implied latency of stage
I NSCLC-specific cumulative incidence of death (CID) ws.
the immediate onset of non-cancer specific CID accounts
for the observation of Eguchi ez a/: “for up to 2.5 years after
resection, in persons >65 years old, noncancer-specific CID
was higher than lung cancer-specific CID” (15).
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