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Abstract

Background: Several popular screening tests, such as mammography and prostate-specific
antigen, have met with wide controversy and/or have lost their endorsement recently. We
systematically evaluated evidence from randomized controlled trials (RCTs) as to whether
screening decreases mortality from diseases where death is a common outcome.

Methods: We searched three sources: United States Preventive Services Task Force
(USPSTF), Cochrane Database of Systematic Reviews, and PubMed. We extracted rec-
ommendation status, category of evidence and RCT availability on mortality for screen-
ing tests for diseases on asymptomatic adults (excluding pregnant women and children)
from USPSTF. We identified meta-analyses and individual RCTs on screening and mor-
tality from Cochrane and PubMed.

Results: We selected 19 diseases (39 tests) out of 50 diseases/disorders for which
USPSTF provides screening evaluation. Screening is recommended for 6 diseases (12
tests) out of the 19. We assessed 9 non-overlapping meta-analyses and 48 individual
trials for these 19 diseases. Among the results of the meta-analyses, reductions where
the 95% confidence intervals (Cls) excluded the null occurred for four disease-specific
mortality estimates (ultrasound for abdominal aortic aneurysm in men; mammography
for breast cancer; fecal occult blood test and flexible sigmoidoscopy for colorectal can-
cer) and for none of the all-cause mortality estimates. Among individual RCTs, reductions
in disease-specific and all-cause mortality where the 95% Cls excluded the null occurred
in 30% and 11% of the estimates, respectively.

Conclusions: Among currently available screening tests for diseases where death is a
common outcome, reductions in disease-specific mortality are uncommon and reduc-
tions in all-cause mortality are very rare or non-existent.
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Key Messages

or even non-existent with these screening tests.

* We evaluated the evidence on 39 screening tests for 19 diseases where mortality is a common outcome.
* We found 48 randomized controlled trials and 9 meta-analyses that addressed either disease-specific or all-cause mortality.
* Reductions in disease-specific mortality were uncommon and reductions in all-cause mortality were very uncommon,

Introduction

Screening for disease is a key component of modern health
care. The rationale is simple and attractive—to detect dis-
eases early in asymptomatic individuals and to treat them
in order to reduce morbidity, mortality and the associated
costs. However, the role of screening often comes into
question. Some high-profile controversies have appeared
lately in this regard. For example, for breast cancer, the
United States Preventive Services Task Force (USPSTF)
currently recommends against routine mammographic
screening for women aged 40-49 years after retracting its
previous recommendation in favour of mammography, as
the data failed to show that benefit outweighed harm.! The
decision against screening drew sharp criticism from vari-
ous interest groups including patients who overestimate
the benefit of screening.” Similarly, USPSTF now recom-
mends against screening for prostate cancer in healthy men
because harms from prostate specific antigen (PSA) screen-
ing exceed the benefit, trials do not show improvement in
long-term survival® and screening carries a high risk of
over-diagnosis with adverse consequences. Again, heated
debates have been generated around this change of recom-
mendation, both in the scientific and the popular press.

Some screening tests were entrenched in clinical and pub-
lic health practice before randomized controlled trials (RCTs)
became widely used. As the screening agenda encompasses a
large number of tests, and new ones are continuously pro-
posed, it is useful to reassess the evidence supporting their
use. Our research question is whether recommended screen-
ing tests, among asymptomatic adults, have evidence from
RCTs on mortality for diseases where death is a common
outcome. In particular, is there evidence of mortality reduc-
tion, either disease-specific or all-cause, from screening? To
this end, we have compiled and examined systematically the
evidence from individual RCTs and meta-analyses thereof for
screening tests that have been proposed for detecting major
diseases in adults who have no symptoms.

Methods
Eligibility criteria

We assessed the diseases/disorders in adults, which
USPSTF grouped in different clinical categories and made

screening recommendations. We focused on the ‘Cancer’
and ‘Heart and vascular diseases’ categories, as well as
type 2 diabetes mellitus and chronic obstructive pulmonary
disease, because mortality is a common outcome for these
diseases. We did not include diseases/disorders where mor-
tality is not a common outcome, and that included the fol-
lowing clinical categories: infectious diseases; mental
health conditions and substance abuse; metabolic, nutri-
tional and endocrine disorders (except type 2 diabetes);
musculoskeletal disorders; injury and violence; vision and
hearing disorders; obstetric and gynaecological conditions;
and miscellaneous (except chronic obstructive pulmonary
diseases).

For the included diseases, we compiled a list of screen-
ing tests and assessed which of them are recommended by
USPSTF, and whether they have randomized evidence on
mortality outcomes. We defined screening as using a spe-
cific test on an otherwise asymptomatic, non-diseased
population in order to detect a certain disease. We only
considered evidence that compared mortality between
screening and no-screening control groups. We did not
consider screening/testing in already diseased individuals
(e.g. patients who have diabetes mellitus or already have
some cancer diagnosis).

Search strategies and documentation of evidence

We compiled information from WUSPSTF, Cochrane
Database of Systematic Reviews and PubMed. We docu-
mented current recommendations and the corresponding
level of evidence from USPSTF. We gathered meta-analytic
evidence on screening from Cochrane and PubMed. In
addition, we collected from PubMed information about
individual RCTs on screening which had not been included
in a published meta-analysis.

In the USPSTF website, we reviewed the documentation
of RCT evidence for screening for each disease in adults
(last update: January 2014).

We searched the Cochrane Database of Systematic
Reviews using the search term ‘screening’ in title, abstract
or keywords. We documented all systematic reviews on
screening tests that had at least one eligible RCT or meta-
analysis of several RCTs with mortality outcomes (last up-
date: January 2014).
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We searched PubMed using the search terms ‘screen’ or
‘screening’ or ‘testing’ in the title and ‘death’ or ‘mortality’
or ‘survival’ in title, abstract or keywords. We ran two
searches for articles published in English; one was limited
to RCTs and the other to meta-analyses (using ‘type of
publication’ limit) (last update: January 2014).

Study selection: meta-analyses and
individual trials

We screened, identified and organized the eligible meta-
analyses by disease and the associated screening test
(Cochrane, PubMed). When several meta-analyses were
eligible on the same disease and screening test, we selected
the most comprehensive ones (more trials, more long-term
follow-up in included trials).

We screened and identified the eligible individual trials
(PubMed). We organized the list first by screening test, then
by trial name and then by year of publication. If there were
more than one citation per trial, we selected the most recent
publication. Simultaneously, we compiled a list of trials that
were in the selected meta-analyses. We cross-checked the in-
dividual trials in PubMed with those in the selected meta-
analyses to determine how many trials were in common.
Finally, we compiled a list of individual trials—including
those that were in common and those that were unique to ei-
ther PubMed or a meta-analysis. Finally, if no meta-analysis
was available, but multiple individual trials existed for a
given screening test, we performed the meta-analysis our-
selves using inverse variance synthesis with fixed effects.

Data extraction

From USPSTF, we documented the following for each dis-
ease: screening tests, recommendation statement, category
of evidence, presence or absence of RCT evidence, and the
specific population for whom the recommendation is
applicable.

For each included meta-analysis of RCTs (Cochrane or
PubMed) and single RCT (PubMed), we extracted the fol-
lowing: disease; screening intervention assessed; number of
RCTs analysed; use of stratified analysis (yes, no) and, if
so, types of strata; number of disease-specific deaths/total
sample and disease-specific mortality risk estimates; and
number of total deaths/total sample and all-cause mortality
risk estimates. Data were extracted by two co-authors and
any disagreement was resolved with discussion with the se-
nior (third) author.

Presentation of mortality outcomes

Disease-specific mortality was defined as death attributed to
the disease in question and all-cause mortality was defined

as death from any cause; in both instances, the denominator
was the total sample per randomized group and not those
who were detected as diseased. We presented the treatment
effect (risk estimates with 95% confidence interval) as they
were reported in the original RCTs or meta-analyses.

Results

Evaluated screening tests in USPSTF

USPSTF provides evaluation of screening for 19 diseases
where mortality is a common outcome (cancer n=12,
heart and vascular diseases 7 =35, type 2 diabetes, chronic
obstructive pulmonary disease) (Supplementary Table 1,
available as Supplementary data at IJE online).

Overall, 39 different screening tests are addressed for
these 19 diseases. Screening is recommended for 6 of the
19 diseases (for a total of 12 recommended tests out of 14
available tests for these 6 diseases). Randomized evidence
with a mortality outcome is cited for only 5 diseases
(breast, cervical and colorectal cancer, abdominal aortic
aneurysm and type 2 diabetes) for 11 recommended tests
among 13 assessed by USPSTF (Figure 1).

Randomized trials with data on mortality are not avail-
able for one disease (hypertension) where screening is rec-
ommended (one out of one test is recommended). Further,
BRCA-gene mutation screening for breast cancer® and col-
onoscopy for colorectal cancer do not have randomized tri-
als on their effectiveness, but they are both currently
recommended for adults with a family history.

Screening is not recommended for the remaining 13 dis-
eases where there are 25 available tests; of those, random-
ized trials with data on mortality are available only for 7
tests on 4 diseases: lung, oral, ovarian and prostate cancer.
For breast cancer, screening for BRCA and mammography
are recommended but clinical and self-examination of the
breast are not recommended. Randomized evidence exists
for mammography,’ clinical and self-examination®” but not
for BRCA (there is a trial on genetic counselling but not for
the screening test per se).

USPSTF provides screening
guidelines for 19 diseases

|
i 1

Recommended Not recommended
N=6 N=13

fl_ll_l_l

Mortality RCT Mortality RCT not Mortality RCT Mortality RCT not
available available available available
N=5 N=1 N=4 N=9

Figure 1. Flow diagram for randomized controlled trial (RCT) evidence
from the United States Preventive Services Task Force (USPSTF).
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Evaluated meta-analyses on screening tests in
Cochrane and PubMed

The search produced 595 items in Cochrane and 125 items
in PubMed; of those, 59 and 85, respectively, were assessed
in full text. In Cochrane and PubMed, 12 and 44 meta-
analyses, respectively, met the eligibility criteria; these
included 8 Cochrane reviews that had also been presented
as journal articles, thus there were 48 different eligible
meta-analyses. These 48 meta-analyses were clustered by
test and disease to identify the latest, non-overlapping meta-
analysis on each topic. Eventually, eight meta-analyses
were selected covering eight screening tests for six dis-

3368712 additionally we performed ourselves a meta-

eases;
analysis of the trials’ data on screening with computer tom-
ography (CT) for lung cancer, as there were several individ-

ual trials but no published meta-analyses (Figure 2).

Evaluated individual trials on screening tests
in PubMed

The search produced 590 items; 83 records were evaluated
further and 40 trials met the inclusion criteria. Of the 40,

28 trials had been included in at least one of the eight eli-
gible meta-analyses mentioned above.'*™° The other 12
trials”*'=! found in PubMed included mostly (2 =9) trials
on topics for which there were no eligible previous meta-

42,4445 \were excluded from the re-

analyses; three trials
spective meta-analysis because the follow-up time was less
than 5 years. Another eight trials’>>’ that had been
included in the eight eligible meta-analyses were not cap-
tured by the PubMed search for trials; these were not
picked by our PubMed search because one was in Russian
language, two were not tagged as randomized controlled
trials by PubMed and five did not have the search terms in
their titles. Therefore, a total of 48 eligible RCTs were con-

sidered (Figure 3).

Meta-analytic and individual trial evidence
by disease

Abdominal aortic aneurysm. Eight meta-analyses were
found; we used the meta-analysis by Takagi et al.'* that had
included four trials (Chichester,'® MASS,*° Viborg."?
Western Australia®’) with the longest follow-up (>10 years).

Total excluded: 546
Protocol paper: 39
Treatment evaluation: 410
Not disease screening: 64

Screened meta-
analyses in Cochrane
Library: 595

A

Total excluded: 40
Review only: 8
Not RCT meta-analysis: 29
Abstract not available: 3

Screened meta-
analyses in PubMed:
125

A 4

Intervention: 23 l

l Total excluded: 41

Potentially eligible: 59

A

Total excluded: 47
Screening for children: 14

Potentially eligible: 85 > Screening for children: 1
Screening in pregnancy: 10

Screening in pregnancy: 8
Comparative screening: 8

v

Screening in patients: 16
L Comparative screening: 2
Screening adherence: 4

A

Other outcomes: 14
Mortality data missing
(screening vs none): 3

Included: 12

Secondary analysis: 3
Mortality data missing
(screening vs none): 5

Included: 44

v I v

Cochrane
only: 4

Cochrane &
PubMed: 8 36

PubMed only:

Total excluded: 40
Earlier analysis: 26

s S T

Sub-analysis: 6

1 3 Short-term mortality: 1
BSE (BC) Mammography US (AAA) Included cqmga{atlve
(BO) CA-125(0C) Lacksrcnreetzr—l:tgi.rnate' 6
FOBT (CRC) FS (CRC) ) ’
PSA (PC)
Chest X-ray

A

Meta-analytic evidence: 8 + 1*

Figure 2. Flow diagram of meta-analytic search results from Cochrane Library and PubMed. RCT, randomized controlled trial; BSE, breast self-exam-
ination; BC, breast cancer; FOBT, fecal occult blood test; CRC, colorectal cancer; PSA, prostate-specific antigen; PC, prostate cancer; LC, lung cancer;
US, ultrasound; AAA, abdominal aortic aneurysm; OC, ovarian cancer; FS, flexible sigmoidoscopy.

*Meta-analytic evidence: we conducted the meta-analyses for screening with computerized tomography (CT) scan using data from DANTE, DLCST

and MILD trial (see Table 2).
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Screened items in Total excluded: 507
PubMed: 590 — Not an RCT: 62
Design/protocol paper: 43
Review/letter/commentary: 23
Treatment: 67
1 Feasibility study: 24
K K . Simulation study: 17
RCTs in 8 meta- Potentially eligible: 83 Screening adherence: 74
analyses (Table 1) Comparative screening: 23
Screening: secondary analysis: 56
l l Screening: pregnancy: 5
. . Screening: children: 5
Eligible: 36 Eligible: 40 Screening: diseased population: 16
Screening: No disease focus: 4
Screening: No mortality data: 88
v ¥
From meta- Meta-analysis From PubMed
analysis only: & PubMed: search Only:

8 28 12

Total excluded: 43

A\ 4

Eligible randomized trials: 48

Earlier analysis: 27
Sub-analysis: 11
Site-specific: 5

Figure 3. Flow diagram of individual trial evidence from PubMed search results and selected meta-analyses.

In addition, MASS'® has published extended follow-up
data (13 years) after the Takagi meta-analysis. The
reason for excluding six meta-analyses was shorter follow-
up.®'7°¢ The final one was excluded because it evaluated a
30-day mortality following elective surgery for aortic

aneurysm.67

Breast cancer. Twelve meta-analyses of screening with
mammography were found; Gotzsche et al.” had reviewed
all eight trials (Canada 1980a,b,'”*® Edinburgh,'*
Goteborg," Malmo,"” New York,?® Stockholm,”® Two-
county”” and UK age trial**) and reported the longest fol-
low-up time (13 years). The other meta-analyses were
excluded because they were earlier publications,®”"" had

72-76

fewer trials or shorter follow-up’” or selected a partic-

7882 or a sub-type of cancer.®? For the Two-

ular age group
county study, Tabar et al. presented also disease-specific
mortality estimates with longer follow-up (29 years);*” the
trial’s estimates for all-cause mortality were extracted from
Gotzsche et al.’

Only one meta-analysis® was found for screening with

58 and

breast self-examination with two trials (Russia
Shanghai®”) and only a single trial (Mumbai’) for clinical

breast examination.

Cervical cancer. Two single trials (Tamil Nadu*® and
Mabharashtra*” in India) were found on screening with vis-
ual inspection, human papilloma virus testing and cytolog-
ical testing for cervical cancer.

Colorectal cancer. Four meta-analyses of screening with
fecal occult blood (FOBT) test were found; Hewitson
et al® Goteborg,”?
Minnesota ** and Nottingham?®) with the longest follow-

presented four trials (Funen,*'

up (11.7 to 18 years); the other three were excluded for

including fewer trials®® or shorter follow-up time.%¢%”

After the Hewitson meta-analysis was published, the
Minnesota study has published a 30-year follow-up.*’

%88 of screening with flexible sigmoido-

Two meta-analyses
scopy (single, multiple or in combination with FOBT) were
also found; both included five trials: Telemark Polyp
Study,” NCCPS,*! UK trial,” SCORE,*” and PLCO.*®

One meta-analysis was excluded because it did not provide

all-cause mortality estimates.®®

Hepatocellular cancer. Two reviews of screening with
alpha-fetoprotein plus ultrasound were found; Wun ez al.®’

included two trials (Toronto’® and Shanghai,”') and

1”2 included three trials (Toronto,”

Taiwan’ and Shanghai®""")

Aghoram et a
; neither review gave meta-
analytical evidence. The Toronto and Taiwan trials eval-
uated comparative screening and therefore were not
included in our evaluation of individual trials. The two
reports from the Shanghai trial had discrepant results; the
earlier report”’" did not show benefit with screening [odds
ratio (OR) 0.81, 95% confidence interval (CI)=0.54,
1.22] but the later one’' showed benefit [relative risk
(RR)=0.63,95% CI=0.41, 0.98]. The later one has been
included in the analysis as it had longer follow-up data.



269

International Journal of Epidemiology, 2015, Vol. 44, No. 1

(7 91qe, 298) o1 QTIN PUe ‘18D TA “ALNV Woij eiep Suisn ueds 17 yiim Suruaaids 10§ sIsA[eUL-2IaUW Y3 P2I1dONPUOD 34\ g

"oner preze,

"O11BI 1.1 10 MSLI 9ANR[IY,

"O1EI SPPO),,
‘Tern —NE_HQCA.—EWQ
‘Jetn _wE_EOg

TN,
L(€0°T“96°0) 00°T plL1'1°98°0) 00T  TE869T/06LSE  $TOSTI/EESTT v S8ISSI/SIET  LST9ST/869 S (uasnue-oy103ds-21e31501] 190UED 2IBISOI]
-(90°T °96°0) 00°T p(8€T48°0)80°T YOEYEMVT6T €STYENT6T 3 18TSY/8T1L T1TSP/LTT T 11ST1-VD 190UEd UBLIEAQ
L(E6'T°€6°0) ¥E'T p(L8'T°TI8°0) €T'T TL6¥/L0T ¥0LS/8ST € 1L6¥/8€ Y0LS/ES € gueds 10
JSTT16°0) €0°T p(E0'T 42°0) 88°0 TLOS/16¥ 896t/€6¥ 13 €€T01/€6T ¥6101/95C T 1A8010345 + Le1-x 3594
-(80°T v6°0) 10°T PETT00D) IT'T  TLISTI/6€96 LLYYSILSLY 4 $€98€/679 899TH/0TL v o ABI-X 38940 ToouEd Funy
L(L0°T °T6°0) 66°0 (1870 T9°0) T£°0 u2AI3 10N u2AI8 J0N € u2A13 30N u2AI8 0N S (Adoasoprowss a|qIxaL
p(T0°T ‘66°0) 00°T p(06°0 ‘8L°0) ¥8°0  8069ST/T0TSY  YELTLT/II99ES ¥ 8069ST/T6ST  ¥ELTLI/ILYT ¥ 4(190d) 3993 pOO[q MO0 [BI,]  IIJUED [EIII0[0)
pFTT06°0) SO'T ¥¥8L61/S6T  169061/76T 4 oUIEXD-J[3s IsBIY
L(10°T °£6°0) 66°0 p(€8°0°£9°0) SL°0  6TI9TT/6€8TT  6¥L8TI/SSEYT S 6889€1/9vL  8¥00L1/EE9 4 »cAyderSouruey
L(€0'T °S6°0) 66°0 p(COT6L°0)06°0  T90ELI/ILIS  L6S611/FH9Y € 6¥9TLVTLS  +0S6L1/F0Y € gehydesdowrrey 19oued 3searq
wISAINJUE J1I0k
,(00'T 96°0) 86°0 4(98°0 °S€°0) SS°0  S6145/08T0C  181LS/09661 4 8ETEY/SOY TITEY/1TT € ez PUNOSENN) [eurwopqy
(ID %S6) (ID %S6) spdwes/yreap sjduwres/yieap sjdwes/yieop  sdwres/yiesp
JBUINISI NSIY BWINSI NSIY [onuo) Suruaag  sIDY ON [onuoD SuruaaIg  SIHY ON
Yieap asned-[[y  Yaeap dyy1ads-aseasiq yieap asnes-[|y yaeap o1y109ds-aseasi(q Suruaaidg aseasi(]

PaAIgNd pue Aleiqi| ueiyd0) wol) 99UapPIAS dllAjeue-elaw :saseasip Jolew 10} Alljeiow uo 1998 Bulusalog °| ajqel



International Journal of Epidemiology, 2015, Vol. 44, No. 1

270

(panunuoy)

H(£870€9°0) ¥£°0 SSYLLITYE  SPYLLITST 4¢0DTd  Adoasoprowids aqrxafy o[dnny
-(S0°T“06°0) L6°0 L(80°1°96°0) 82°0  9€TLI/EETT  9€TL1/TOTL 9€TLT/ES 9ETLL/SY 0p1IODS
p00'T 46°0) L6°0 p(T8°0°65°0) 69°0 6E6TIT/8ILEL  660LS/SLLY  6E6TIT/SES  660L5/681 &8N
L0€TYOTISST L(€TT€0°0) STO 66£/0Y 00%/79 66€1y 00¥%/T poTrewaPL,  Adodsoprowss s[qrxayy [3urg
LJOd In0yIIM 1O (I
p(£0°T‘86°0) TO'T splELTLF°0) €270 A1 10N U2AIS 10N T601¥/66 €S9ETVT 1¢SADON UeIZamION £dossoprowsis o[qIxa]
4(€0°'T °86°0) 00°T qlL6°0°LL°0) L8°0  ¥8E9LI9EEOT  99¥9L/ITHOT  +8EIL/HF89  99¥9L/€6S < WEYSURION
L(10°T ‘86°0) 66°0 H(€6°0°69°0) 8L°0  ¥6ESTHY60L  L8SST/HO0LT  ¥6EST/S6T  L8SST/LET [ ETUUDI] — BIOSIUUIIN
L(T0°T 66°0) 00°T -(T8°0°95°0) 89°0  ¥6EST/HF60T  0LSST/TLOLL  +6€ST/S6T  0LSST/00T p|ENUUE — EIOSSUUIIA
q(90°T ‘66°0) TO'T q(66°01L°0) ¥8°0  +ITHE/TELOT  HHIFE/T6SOT  vITHE/00E  HHIHE/TST (751042105 (14Od) 393
4(€0°'T 96°0) 66°0 q(96°0 °€L°0) ¥8°0  9960€/8%TTT  L960€/SOTTT  9960€/1€y  L960€/TI€ (Zueung POO[q 3[N230 [£39]  TIOUED [£3II0[0))
9SeasIp
p(90'T 68°0) L6°0 p(80°T°£L0) 1670 685€/686 TLTE/088 685€/66T TLTEI0ST ¢p BMION Aqdedorprecoydyg  Ie[noseaoIpIE)
p(LTTT9°0) 6870 850TEMHS £801034D
(€870 °€€°0) TS0 8SYIEMH9  9TIVEMNE snata ewofyided wewnpy
#p(STT09°0) 98°0 JPLOVEIIS s BIPUI BIYSEIBYEIN uondadsut [ensip
(9670 “8£°0) L8°0 (6870 L¥°0) §9°0 8S60€/LL6  CYELE/COET 8560€/T6 EPETE/ES oy BIPUL ‘MPEN [IuE] uondadsur [ensip - I9IUED [IIAI)
J(IE€TT8°0) €0°T SSOEET/IET  6L6TET/SET csteysueys
S(PET°98°0) LO'T 6SLYINVIT  TILLS/LST oo BISSTY WEeX-J]28 IseaIq
H0E€0=d 8£19L/01 09€82/T¢T equiniy WIexa 1se21q [E31UI[D
L(F0'T 68°0) 96°0 (P01 99°0) €8°0  9S6901/SL61  ¥88€S/096  9S6901/1ST  #88€S/SOL 48 93V 3N
L(F0'T °96°0) 00°T 4SL9LE/989% 1, Pue[819350
(80T ‘66°0) €0°T J6LY8T/96LT  TH68E/6T8Y ye1/339qreddoy
(6870 °65°0) €£°0 /89S8E/HE09  S86SS/L9€  080LL/ISE o, A3unos-om ],
-(66°0 °$8°0) 16°0 5(90°T°05°0) €2°0  8£60T/9€0T  6€T6£/89L1 €¥661/Sy 81E0+/99 0 WIOY00IS
-(S0'T “v6°0) 66°0 H(P01999°0) €8°0  S9L0E/9TIT  6£TOE/T0C  0001€/T9C  0001€/81C o TIOX MIN
L(F0'T “€6°0) 86°0 SLOTT90) 180  S6T1T/E6ST  880TT/LEST — €8L0T/80T $690T/LS 1 OWEN
-(§6°0 “€8°0) 68°0 H(£6'085°0) S£°0 00T6T/T¥TT  000TT/OEHT  1966T/TIT 0S917/88 ¢ 81040309
-(T0°109°0) 6£°0 97097/L9T  8798T/9ST - USquIpy
H(8T°T996°0) 90°T H(€€7T8£°0) TO'T #6961/069 TTL6T/VEL  #6961/S0T  TTL6T/LOT 49:q0861
dYIT £8°0) 00°T JLTT9L°0) L6°0 OLTSTUELY  YITSTELY  91TST80T  +1TST/SOT je,; 0861 EPEUED AydesSowwrey 190ued 3searq
p(E0'T °€6°0) 86°0 p(LS°0°0T°0) ¥€°0 90€9/#96T  €€€9/1€6T 90€9/5S €€€9/61 op138Y2IYD
(6670 °S6°0) L6°0 p(69°0°6¥°0) 8S°0  LSSEE/HETHT  €88EE/BS8ET  L88EE/I8E  €88EE/HTT s1SSYIN
5(00°T sapnpul) 86°0 ATET6E0)TLO  [TSE6L/ILST  TSE6L/TETT  ,TSE61/ST TSE61/81 pegg BI[EAISY UIDISI wsfmaue
p(E0'T T6°0) L6°0 p(6¥°0 °S1°0) LT0 90€9/PETT  €EEINVSIT 190€9/18 €CEIFT ¢1S10qIA punosen|) oBIOE [EUIWIOPQY
(ID %S6) (ID %S6)  ddwes/yieap  ojdwes/yreop ojdwes/yieap ojdwes/yiesp
BWINS NSIY 9JeUINISI NSIY [onuo) Suruaaiog [onu0) 3uruaaIog

[1eap asned-[[y  yaeap dyyioads-aseasiq

Yieap asned-[|y

aeap o13102ds-aseasi(q

[eL1) [enpraipug

1591 Suru2210g IsBASI(]

PaNGNd pue Aleigi] UBIYD0) WO} DOUSBPIAS [BLI} [ENPIAIPUL :SOSEASIP Jolew 10y Alijelow uo 108440 Buluaaldg 'z a|qeL



271

International Journal of Epidemiology, 2015, Vol. 44, No. 1

‘syuedonred ysu-moTg
*(s19sn [oyoo[e pue siaxjows) syuedonied vﬂwi.sw_:m
‘pay1oads 10N,
"OleT PIRZeH],
"OTIBI 9B 10 YSII JANB[NY,
"O1BI SPPQ,
"(20°1 °96°0) 66°0 = O1ed prezey) pasur[eq-ofe

[[9M ST YIIYM ‘Winieas a8e /01 §9 ay1 ut sdnoI3 U2aMIaq IUIIAJIP OU MOYS . *J» 12 ISENE], PUE ‘SULIE OMI 9} UI IUB[LQUIT 5L JO IIBJILIE UL 9 01 SWIDS SIYL ($6°( ‘88°0) 16°0 = 0nex sppo) dn-mojjoy 1a8uof yam Ajerrouwr

ISNED-[[E UL ISLIIIAP B MOYS ]2 79 JOYPUIT YSNOYI[Y ]2 70 UBWLION] JO ¢ d[qe], ul papiaoad erep Lijeasow pazipepuels a5e 9yl J0 OLEI I UO PIseq I APnIs BIEISIY UIISIQ\ Y3 UT A[ELIOW ISNED-[[E 10§ 2IBWNSD YL,

-(S0'T “S6°0) 00°'T JSHT€8°0) 60T TLLYT/I8TEOT vLET/I986  TLLYT/90S YLET/ES ¢cW[OY201§
J€€T9L70) 10T €SEST/SL  €ETTE/EST JpsciELle)
5(9€°1°£8°0) 60°T SHESE/SHT  O¥E8E/8ST ¢z001d
JELT8L0)9T'T TESLIOET Y6¥1/0€ ,¢3urddodroN
-(T0°1 ‘86°0) 00°T J(T0T°€£°0)98°0  #8T66/LTLST 918T8/T80ET  #8166/€9€  918T8/19¢ ¢010dSYIA ua8nue-oy1ads-a1eIsor  19dUBD 23ISOL]
J(IT°T 2C°0) 0570 LL60T/8T 85601/6 N
(901 °96°0) T0'T JTLTC8°0)8T'T  vOSHE/FT6T  €STHEMAT6T — HOEVE/O0T  E€STHE/STT 0c0DTd STI-VD  19dued UBLIEAQ
9T € °L80) 9T S0T9S/L 9TL0S/6 gegy, IS MO[— BIPUT ‘BleIoY]
5(£6°0°09°0) 9270 1S16€/LY1 16LS¥/6T1 153 ST YSIY— BIPUT ‘BRI
(T T °69°0) 88°0 9SES6/¥ST  L1S96/8ET g [[EI9A0- BIPUT ‘BRI WEXD [ensIA 10ULd [BI0
p(8€TT80) 0T p(T0Y L9°0) ¥9°1 €7L1/0T 9LETYLS €TLYIL 9LE£T/81T dTIN
(P17 86°0) S¥'T 2(96'T€9°0) 9€'1 80T/TY 750T/19 50T/11 TS0T/ST 1SOT1d
S(EF'T 49°0) 96°0 J(€L°T°08°0) ¥6°0 9611/SH 9LT1I9% 9611/0T 9LT1/0T Jopd INVA ueds [0
STTT28°0) 6670 9SYLLIOETT  SYPLLIETTT 10c0DTd
HSTTT6°0) €0°T 5(9T°1°92°0) 86°0 TLOS/T6Y 896¥/€61 TL0S/0TT 896F/STT 4., SULIINON-UBO[S [ELIOWDIA
,(00°T §9°0) 080 T91S/€LT 9TTS/THT JeoSUPIdOH uyo[
J(TH T %L70) €01 T1€ST/89 €TL6T/T8 £sUOPUOT YIION
HPTT°€6°0) €0°T J(8TTS6°0) TT'T €65¥/599 8T9+/889 €65¥/€0€ 8T9%/LE€ ,3unT okey
-(60°T ‘88°0) 8670 JATLTHL0) €T T LSSS/EY9 9ST5/S8S LSSSIT 9SIS/HY ¢ TOSTEY
H(SET00T) 9T'T H(9€°T°96°0) #1°T YLTE/T6T TLIE/TYE YLIE/9TT TL1€/LYT 122D Le1-x 394D 19oued Juny
HITT58°0) 10°T L9T°T°T8°0) TO'T 698T/SL1 TILE/ESE 6981/601 TTLE/STT 1, BUTYD “SuopId uaoxdoloyeydyy puwrounIed
5(86°0 T#°0) €9°0 SHY6/vS €L€6/TE (Jfeysueys  punosenn + urajordooyeydry  remppadoredspy
p(STT06°0) 90°1 H0T°T6L°0)9T T LETYILLE  LPOIT/TEST U2ATS 10N U9ATS JON] 0c28PLIqUED-NOLLIAAY ~ dTVJH + 2s0on[8 poojq Sunse]  sadqerp g ad4 1,
(1D %S6) (1D %S6)  odwes/yreap  odwesqresp  d[dwres/yqiesp  opdures/qieap
JBWINISI NSTY 9)eWINISI STy [onu0) uraa10g [onuo) Suruaaiog
[3eap asned-[[y  yieap oyrads-aseasiq [aeap asned-[y [3eap d13193ds-aseasi(q [e113 [enprATpul 1591 SUTU210§ IseasI(q

panuniuo) - ajqeL



272

International Journal of Epidemiology, 2015, Vol. 44, No. 1

One additional single trial (Qidong, China*') of screening
with only alpha-fetoprotein was also found.

Lung cancer. Three meta-analyses of screening with

1.'° presented

chest X-ray were found; Manser et a
seven trials of screening with chest X-ray (Czech,?*
Erfurt North
London,’> Johns Hopkins®® and Memorial Sloan-
Kettering>*)
However, the Erfurt County study was excluded from
the individual trial evidence (Table 2) because of its

County,”*  Kaiser,”> Mayo lung,®’

and has been selected for analysis.

non-randomized design. The other two meta-analyses
on chest X-ray were excluded because they were earlier
publications and contained non-randomized data.”*?®
Data from PLCO®® (chest X-ray) was not included in
any of the meta-analyses but we presented its estimates
in the individual trial evidence. There were four trials
(DLCST,* MILD,* DANTE** and NLST®/) on com-
puter tomography (CT) scan, but no available meta-
analyses. We excluded NLST as it evaluated compara-
tive screening (CT scan vs chest X-ray). We recorded
the estimates from the other three trials and conducted
our own meta-analysis.

78 of screening with visual

Oral cancer. One review
examination was found. It contained only one trial from
Kerala, India.*®*” The estimate with longer follow-up data
from that trial was presented in the individual trial

evidence.*®

Ovarian cancer. One meta-analysis on screening with CA-
125 was found;!! it contained two individual trials
(PLCO,* UK™).

Prostate cancer. Six meta-analyses of screening with pros-
tate specific antigen (PSA) were found. Four were by
lic et al.>'°%7'%% and contained the same data from five
trials (ERSPC,'” Norrkoping,'* PLCO,'” Quebec®?
and Stockholm®®); we used the estimates from the most
recent publication.” The other two were not used
because they included site-specific data (e.g. French
ERSPC and Gothenburg are part of original ERSPC) or
used non-randomized data.'’®'%” Of the
trials, we also included updated

Norrkoping®” and PLCO.*®

individual
estimates for

Cardiovascular disease. One individual trial of screening
with echocardiography was found.*?

Type 2 diabetes mellitus. One individual trial of screening
with fasting blood glucose and haemoglobin Alc (HbA1c¢)
was found.*”

Synopsis of RCT evidence (meta-analytic and
individual) for mortality

Meta-analytic evidence

As shown in Table 1, meta-analyses of randomized trials
were available for nine screening tests on six diseases. The
95% Cls excluded the null in 4 out of 11 available esti-
mates (36%) of disease-specific mortality, but in none out
of 10 available estimates for all-cause mortality. Disease-
specific mortality was reduced with ultrasound for
abdominal aortic aneurysm in men;'* mammography for
breast cancer;’ and fecal occult blood test® and flexible sig-
moidoscopy’ for colorectal cancer. The range of relative
risk reduction in these four cases was between 16% and
45%. Relative risk estimates for all-cause mortality were
all very close to 1.00 (range 0.98-1.03).

Individual trial evidence

As shown in Table 2, we compiled evidence from 48
randomized trials on 19 screening tests for 11 diseases. The
95% Cls excluded the null in 16 out of 54 reported esti-
mates (30%) (some trials reported more than one estimate,
e.g. in different subgroups) for disease-specific mortality
and for 4 out of 36 reported estimates (11%) for all-cause
mortality. The range of relative risk reduction in the 16
cases with improved disease-specific mortality was
between 13% and 73% (median 29%) and in the four
cases of improved all-cause mortality it was between 3%
and 13% (median 10%).

Disease-specific mortality was reduced with ultrasound
for abdominal aortic aneurysm in the Viborg,'* MASS®°
and Chichester'® trials; with mammography for breast can-
cer in the Goteborg'® and Two-county®” trials; with visual
inspection for cervical cancer in the Tamil Nadu*® and
Maharashtra®” trials; with FOBT for colorectal cancer in
the Funen,”' Goteborg,”®> Minnesota®” and Nottingham®®
trials; with flexible sigmoidoscopy for colorectal cancer in
the UK trial*’ and PLCO;*® with alpha-fetoprotein and
ultrasound for hepatocellular cancer in the Shanghai®'
trial; and with visual examination for oral cancer in the
Kerala® trial. Overall, seven tests for six diseases had at
least one RCT with a disease-specific mortality benefit: of
those, three diseases had also been documented in meta-
analyses.

All-cause mortality was reduced with ultrasound in
abdominal aortic aneurysm in MASS;'® with mammogra-
phy in breast cancer in Goteborg'® and Stockholm;*® and
with visual examination for cervical cancer in Tamil
Nadu.*® Mammography and ultrasound for aortic aneur-
ysm had no all-cause mortality benefits in the respective
meta-analyses including all the relevant trials. Visual
examination for cervical cancer had also been assessed in
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another trial that did not report results on all-cause
mortality.*”

Discussion

Our comprehensive overview shows that there are
currently at least 48 RCTs and 9 non-overlapping meta-
analyses that have evaluated the impact of any screening
test vs no screening on mortality in asymptomatic adults
for diseases where mortality is a common outcome.
Documented reductions in disease-specific mortality in
randomized trials of screening are uncommon. Reduction
in all-cause mortality is even more uncommon in single tri-
als and has not been documented in the latest available
meta-analysis of multiple trials for any of the examined
topics. This overview offers to researchers, policy makers
and healthcare providers a synthesis of RCT evidence on
the potential benefits of screening on mortality, and is
timely in the wake of recent controversies around breast
and prostate cancer screening.

Of the handful of trials that have reported survival ben-
efits from screening, it is likely that in a few of them the
benefit is substantially overestimated. For example, visual
inspection of the cervix with acetic acid (cervical cancer
screening) offered a 13% estimated relative risk reduction
for all-cause death in one trial*® conducted in rural India.
Women in the screened group received other interventions
apart from screening, such as correction of anaemia and
measurement of blood pressure. Hence this large difference
in total mortality, if true, was likely the result of multiple
interventions and not the screening alone (cervical cancer
does not account for 13% of all deaths even in rural
India). Similarly, a mortality reduction shown in the
Shanghai trial for screening in hepatocellular cancer® is in
question. The earlier paper”! from that trial did not report
a risk estimate but only reported percent survival; a subse-
quent Cochrane review®” used the survival data to calcu-
late a risk estimate with 95% Cls that did not exclude the
null. In the same way, the original publication®® from the
Western Australia study for screening in abdominal aortic
aneurysm did not report a relative risk estimate for all-
cause mortality; a subsequent meta-analysis®* calculated a
mortality reduction with 95% ClIs that excluded the null,
but this did not take into account the substantial age
imbalance that existed between the study groups; and
another more recent meta-analysis'* that realized this cav-
eat had 95% ClIs that did not exclude the null.

There are many potential underlying reasons for the
overall poor performance of screening in reducing mortal-
ity: the screening test may lack sufficient sensitivity and
specificity to capture the disease early in its process; there
are no markedly effective treatment options for the disease;

treatments are available but the risk-benefit ratio of the
whole screening and treatment process is unfavourable; or
competing causes of death do not allow us to see a net ben-
efit. Often, these reasons may coexist. Whether screening
saves lives can only be reliably proven with RCTs.'"®
However, even for newly proposed tests, we suspect that
their adoption in practice may evade RCT testing. A very
large number of tests continuously become available due to
technological advancement.'® One may be tempted to
claim a survival benefit of screening based on observatio-
nal cohorts showing improved survival rates,"'” but these
are prone to lead-time and other types of bias. Even RCTs
can be biased sometimes, as has been discussed and hotly
debated in the controversy over mammography.”’

Some limitations should be acknowledged in our over-
view. First, we synthesized randomized evidence, but did
not include data from other research designs, such as
cohort and case-control studies. However, as we stated
above, non-randomized studies have serious limitations.
Non-randomized studies may provide useful suggestions
and insights, but typically these would be less definitive,
unless the effect is very robust and large, and most screen-
ing tests do not seem to have large effects on mortality.
Second, one should acknowledge that given the many com-
peting causes of death, it is very difficult to document
reductions in all-cause mortality, unless the disease of
interest is a leading cause of death and extremely large
RCTs are performed. This is the reason why we also
addressed comprehensively all the available data on dis-
ease-specific mortality. Third, we used broad search terms
in PubMed and in Cochrane to maximize the capture of
relevant trials and meta-analyses. It is possible that a few
trials may have been missed, but it is unlikely that we have
missed major trials that had found mortality benefits. As a
quality check, we also matched our search results with the
USPSTF documents. We found that we had not missed any
trials that USPSTF has cited, whereas we have detected sev-
eral additional recent trials that USPSTF did not cite (not
unexpected since the USPSTF updates the evidence periodi-
cally). Finally, we did not include evidence on the effective-
ness of one screening test against another (i.e. comparative
screening). Nevertheless, it is difficult to interpret a trial
that shows that a screening test is better than an older com-
parator, when it is unknown whether the older comparator
does more good than harm.

To avoid uncertainty and a continuing conundrum in
the world of screening for disease, we need to choose the
appropriate study design and outcome, depending on the
disease, to evaluate the effectiveness of screening tests. We
argue that for diseases where short- and medium-term
mortality are a relatively common outcomes, RCT should
be the default evaluation tool and disease-specific and
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all-cause mortality should be routinely considered as main
outcomes. Our overview suggests that even then, all-cause
mortality may hardly ever be improved. One may argue
that a reduction in disease-specific mortality may some-
times be beneficial even in the absence of a reduction in
all-cause mortality. Such an inference would have to con-
sider the relative perception of different types of death by
patients (e.g. death by cancer vs death by other cause), and
it may entail also some subjectivity. For diseases where mor-
tality outcomes are potentially important but only in the
very long term, one has to consider whether the use of other,
intermediate outcomes and/or other quasi-experimental
designs that may be performed relatively quickly with very
large sample sizes (e.g. before and after the introduction of a
test) are meaningful alternatives to very long-term RCTs or
may add more bias and confusion in a field that has already
seen many hot debates. Screening may still be highly effec-
tive (and thus justifiable) for a variety of other clinical out-
comes, besides mortality. However, our overview suggests
that expectations of major benefits in mortality from screen-
ing need to be cautiously tempered.

Supplementary Data

Supplementary data are available at IJE online.
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In this issue, Drs Saquib, Saquib and Ioannidis perform a
valuable service by reviewing the evidence that screening for
various diseases save lives. The authors examined the
randomized controlled trials (RCTs) and meta-analyses of
trials of the various screening strategies, and then assessed
the outcomes of disease-specific mortality and all-cause
mortality. They found that evidence of an effect on disease-
specific mortality was relatively uncommon, and that evi-
dence of an effect on all-cause mortality was essentially

non-existent. The authors conclude that the effects of
screening on mortality are likely to be modest at best, and
that future evaluations of screening tests for diseases where
short- and medium-term mortality are common, RCTs
should be the default evaluation tool and disease-specific
and all-cause mortality should be the main outcomes.

This raises the larger question of what should be the
evidence upon which to base decisions about the appropri-

ateness of screening tests, which by definition are

©The Author 2015; all rights reserved. Published by Oxford University Press on behalf of the International Epidemiological Association 2711


http://www.oxfordjournals.org/

278

International Journal of Epidemiology, 2015, Vol. 44, No. 1

administered to large masses of the general population who
do not exhibit any signs or symptoms of the disease. The
purpose of screening is to detect in a preclinical phase the
presence of a disease or precursor to a disease whose subse-
quent clinical course can then be ameliorated or even elimi-
nated with treatment at that stage, in comparison with
beginning treatment when the patient develops signs or
symptoms of the disease (I am intentionally ignoring the
issue of screening for genetic diseases, where a better under-
standing of prognosis in the absence of effective treatment
can be considered an important outcome, as well as the pre-
vention of a genetic disease in any offspring).

What needs to be considered then, are the outcomes of
the disease for which screening is being contemplated.
Although death is of course an important outcome, it is not
the only outcome, and for some diseases may not even be the
most important outcome. Many chronic diseases, such as
heart failure, diabetes and chronic obstructive pulmonary
disease (all three included in the set of diseases studied in this
analysis) have numerous symptoms and outcomes other than
mortality, such as dyspnoea, blindness, kidney failure and
amputation. Even in the absence of any effect on mortality it
is easy for me, as a primary care clinician, to imagine that pa-
tients would highly value any screening test and intervention
that decreased the risk or severity of these outcomes. So I do
not agree with the authors that, for these diseases, any
screening test should be assessed with mortality as the main
outcome. Whether these values are common among a broad
community of patients deserves further study. Then there is
the issue of patient preferences for different outcomes. Even
if there is no effect on all-cause mortality, my clinical experi-
ence is that most patients would prefer some other cause of
death to a death from cancer. Therefore for most diseases, I
do not think that all-cause mortality should be considered
the main outcome. Where the authors’ data are most

compelling is the evidence or lack thereof for a disease-spe-
cific effect on mortalities of cancers. Here, my clinical experi-
ence is that what patients are most concerned about is death
from that cancer, be it lung, prostate, breast etc., and reduc-
ing the risk of that outcome is their paramount concern. It is
hard for me to imagine having any enthusiasm for a screen-
ing test for cancer without convincing evidence that it would
reduce disease-specific mortality.

The second issue I wish to comment on is what consti-
tutes convincing evidence. The authors claim that this must
come from randomized controlled trials with one group
being offered screening and the other group not getting
screened. For the most part, I agree with them. But there are
exceptions. Cervical cancer screening has not been subjected
to the kind of randomized controlled trial advocated by the
authors, yet the observational evidence that mass screening
programmes have had a beneficial effect is sufficiently
strong to conclude that there is a cause-and-effect relation-
ship. However, this is a historical issue, and I can agree with
the authors that newly proposed tests should be subject to
randomized trials assessing their benefits and harms.

In sum, the evidence synthesized by Drs Saquib,
Saquib and Ioannides should be considered by anyone
contemplating clinical practice guidelines about screening or
proposing new screening tests. We have let too much get
into routine practice without an adequate evaluation, and
once widely disseminated, it can be very difficult to re-orient
patient expectations and clinical behaviours to an under-
standing that a randomized trial comparing screening with
no screening is ethically justified.

Conflict of interest: The author has received royalties for
writing two chapters for UpToDate. In addition he receives an hon-
orarium from ECRI for serving on the National Guidelines Clearing
House and National Quality Clearing House (NGC/NQMC)
Committee.

Commentary: Screening:
a seductive paradigm that
has generally failed us

PC Gogtzsche

International Journal of Epidemiology, 2015, 278280

Advance Access Publication Date: 15 January 2015

7 iy
doi: 10.1093/ije/dyu267
vy

Nordic Cochrane Centre, Rigshospitalet, Copenhagen, Denmark. E-mail: pcg@cochrane.dk

Screening healthy people has face value and great public and
political appeal. It looks so simple, and yet screening is
fraught with difficulties. These start already with the termin-
ology, and common slogans like, ‘Catch the disease early, be-

fore it has produced any symptoms!” are misleading on two
counts.

First, disease means lack of ease, which is not what
we understand by being healthy; but people who work
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with screening tend to forget that they deal with healthy
people. For example, women being invited to mammog-
raphy screening are often called patients in scientific
articles.

The second error is the assumption that the disease is
caught early. That is rarely the case, and breast cancer is
again a good example. If we assume that the growth rate for
a particular cancer is constant, then the women have har-
boured the cancer for 21 years on average before it is large
enough to be detected by mammography screening.’
Finding precursors to cancer is of course an entirely
different matter. Screening with flexible sigmoidoscopy
identifies polyps and vaginal smear finds carcinoma in situ.

A third problem with screening is that it always causes
harm. Sometimes it also leads to benefits, and sometimes the
benefits are sufficiently large to outweigh the harms. The
main focus in screening trials should therefore be to quantify
the harms, but this has rarely been the case, if ever.
Screening trials focus on disease-specific mortality, which
may seem natural, but it is the wrong outcome. Screening
leads to overdiagnosis, and interventions that are beneficial
for real patients can be lethal for healthy overdiagnosed peo-
ple. Radiotherapy of overdiagnosed women may kill at least
as many as those who are spared dying from breast cancer
by attending breast screening.”

Total mortality should therefore be the primary outcome
in screening trials of mortality, and Saquib et al. report a
systematic review in this issue of the journal that aimed at
clarifying whether screening lowers total mortality for dis-
eases that carry a high disease-specific mortality.> They
focused on cancer, cardiovascular diseases, type 2 diabetes
and chronic obstructive pulmonary disease. They did not
find any screening trials for hypertension or chronic ob-
structive pulmonary disease. Disease-specific mortality was
reduced with ultrasound for abdominal aortic aneurysm in
men, mammography for breast cancer and faecal occult
blood test and flexible sigmoidoscopy for colorectal cancer,
but the risk ratio point estimates for all-cause mortality
were all very close to 1.00 (range 0.98-1.03).

Screening proponents often say that disease-specific mor-
tality is the right outcome, arguing that in order to show an
effect on total mortality, trials would become unrealistically
large. 1 believe this argument is invalid, for both scientific
and ethical reasons. We do randomized trials in order to
avoid bias, and our primary outcome should therefore not
be a biased one. Drug interventions are usually more com-
mon in a screened group, and they tend to increase mortality
for a variety of non-disease related reasons.”

From an ethical perspective, it is problematic to screen
the whole population in a certain age group without know-
ing whether this makes people live longer, while knowing al-
most certainly that it makes people less happy. It took 50

years after the first randomized trial of mammography
started before we knew what the psychological conse-
quences are of the many false-positive findings.” A specially
designed questionnaire was developed using focus groups
and women who had attended screening were followed up
for 3 years. Even after so long a time, those who had experi-
enced a false-positive diagnosis had an anxiety level (and
other psychological problems) that fell between that for
women with breast cancer and women who had always
been told they did not have cancer. This study showed for
the first time that the psychological harms of breast screen-
ing are substantial and long-lasting, and they affect a huge
number of healthy women, as the cumulative risk of a false-
positive result after 10 mammograms ranges from about
20% to 60%.° Added to this comes the psychological harm
inflicted on all the overdiagnosed women who do not know
that they are overdiagnosed but think that they suffer from
a fatal disease. It is therefore pretty clear that any utility ana-
lysis that takes the psychological harms of breast screening
into account will come out negative, as was recently re-
ported by the Swiss Medical Board.”

Saquib et al. found no screening trials for hypertension
and only one for diabetes, ADDITION-Cambridge, for
which the risk ratio for all-cause mortality was 1.06. In our
systematic review of general health checks,® 7 of the 16 tri-
als screened for diabetes, and likely all of them screened for
hypertension (in one, the screening tests were not specified).
Although we had 11940 deaths, we did not find an effect
on total mortality (risk ratio 0.99, 95% confidence interval
0.95 to 1.03). We could not include the most recent trial, as
it was published in 2014.” It investigated the effect of sys-
tematic screening for risk factors for ischaemic heart disease
and lifestyle counselling. This trial was large but it also
failed to find an effect on total mortality: 3163deaths
occurred, and the hazard ratio was 1.00 (0.91 to 1.09).

It is worth noting that when screening does not work, it
might be because beneficial effects are outweighed by harm-
ful ones. Diabetes drugs, for example, are approved on the
basis of their glucose-lowering effect without knowing what
they do to patients. And the only large trial of tolbutamide
ever performed was stopped prematurely because the drug
increased cardiovascular mortality.* Rosiglitazone was once
the most-sold diabetes drug in the world, but it was taken
off the market in Europe in 2010 as it causes myocardial in-
farction and cardiovascular death; and pioglitazone has
been linked to heart failure and bladder cancer.”*

Screening is popular, but we need to be much more care-
ful in the future when we contemplate approaching healthy
people with our screening tests, and should demand much
stronger evidence than when we treat patients.

Conflict of interest: None declared.
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what is the most authoritative advice we can
give, given the data that we have?

Paul Taylor

Institute of Health Informatics, University College London, 222 Euston Road, London NW1 2DA, UK.

E-mail: p.taylor@ucl.ac.uk

The most authoritative basis for supporting a medical inter-
vention is a meta-analysis of all sufficiently rigorous relevant
randomized controlled trials. In this issue Saquib, Saquib
and Ioannidis present an unprecedentedly thorough survey

of 9 meta-analyses and 48 trials representing the best avail-
able evidence for the effectiveness of a range of screening
interventions. Some of the evidence reviewed has been
argued over before. In the case of breast cancer, probably
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Figure 1. Incidence of breast cancer by age group in the UK from 1974 to 2004. (Reproduced from Duffy et al.®).
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the most debated screening intervention, a series of large tri-
als in the 1970s and 1980s provided what seemed to be clear
evidence that screening saved lives, and countries across the
developed world introduced programmes. Yet, in 2000, a
meta-analysis concluded that there was no reliable evidence
for breast screening.” The authors, Olsen and Gotzsche, had
identified eight trials but argued that the results of the six
more or less favourable trials could not be trusted and that
only the two more equivocal trials were sound.

The inclusion of one of the larger trials, the Swedish two-
counties trial, should have been enough to reverse Olsen
and Getzsche’s conclusion.” They had argued that this trial
had to be excluded in part because the average ages of the
two groups were slightly different. The point is not that this
difference—which was only 5 months—affected the results,
but rather that any difference between two such large sam-
ples casts suspicion on the claim that they were randomly
allocated. A further concern was that the investigators re-
viewing deaths among participants knew which arm of the
trial a woman was in when they decided whether to count
her death as caused by breast cancer death or not.

Whether or not these concerns are sufficient to warrant
the exclusion of the trial is a matter of judgement and judge-
ments, in this case, differed. Olsen and Getzsche were not
the first or the last to attempt a meta-analysis of breast
screening: there have been more reviews than there are trials
to review. The arguments have been bitter, but have led to-
wards consensus. Gotzsche updated his analysis in 2011,°
including more trials and finding overall support for the
conclusion that screening reduces breast cancer deaths. An
independent panel of UK experts, commissioned to look at
the evidence, published a report in 2012 that drew on
Gotzsche’s revised review to conclude that screening does
reduce breast cancer deaths.* The United States Preventative
Services Task Force has made a similar assessment.® Saquib,
Saquib and Ioannidis, following Getzsche’s updated ana-
lysis, give breast cancer as a case where screening reduces
disease-specific mortality.'

But there’s the rub. If breast cancer deaths are reduced,
but all-cause mortality is unaffected, is this because detect-
ing the latter requires that more statistical power be
deployed? Or is it, as Getzsche has suggested, because the
harms of screening increase deaths from other causes?
The most serious cause of harm is overdiagnosis. The inde-
pendent UK panel took the view that the best estimate of
overdiagnosis could be provided by comparing the rates of
cancer detection in the screened and the unscreened groups
of randomized controlled trials. The problem is that when
most trials ended, screening was offered to the women in
the control groups, creating overdiagnosis in the follow-up
period. The panel therefore restricted their attention to three
trials in which no screening was offered to the control group

during follow-up. This is a very limited set of data. Saquib,
Saquib and Ioannidis ignore the question of harms presum-
ably because there simply are not enough RCT data to
review.

It is striking that almost all the patients screened in the re-
viewed trials that show a benefit due to screening, had their
ultrasound, mammogram, sigmoidoscopy or faecal occult
blood test in the past century, many of them in the 1970s
and 1980s. For many cancers the benefits of early detection
have been attenuated since then as a consequence of im-
provements in the treatment of late-stage disease. Trials of
screening are expensive. Tens, sometimes hundreds, of thou-
sands of participants are required and follow-up periods of
10 and 20 years are needed. Saquib, Saquib and Ioannidis’s
review lists only 48 trials. Restricting ourselves to this subset
of the available data may be the best defence against meth-
odological error, but in a changing world it clearly limits
our capacity to base policy on relevant evidence.

Data other than those from trials could be used to pro-
vide evidence about the benefits and harms of screening.

The above graph, for example, shows a spike in the inci-
dence of cancer in women of 50 to 64 years of age following
the start of screening programme. We can use this to calcu-
late how much overdiagnosis there is if we can estimate
(i) the gradual increase in incidence observed before 1988—
which presumably would have continued along the same
trajectory had screening not been introduced—and (ii) the
compensatory drop in incidence in older women who have
been through screening. Unfortunately the aggregation of
uncertainties in the calculation of these two figures means
that wildly different estimates of overdiagnosis rates can be
derived and indeed are derived.® We need a process similar
to that which has allowed a degree of consensus to emerge
on the validity of evidence from moderately flawed clinical
trials, before we can use the data collected in the course of
routine screening.

The abstract of this review' concludes: ‘Among currently
available screening tests for diseases where death is a com-
mon outcome, reductions in disease-specific mortality are
uncommon and reductions in all-cause mortality are very
rare or non-existent’. As I read it, ‘uncommon’ equates to
30% and ‘very rare or non-existent’ to 11%. The 30% fig-
ure is presented as disappointing. Perhaps it is, but remem-
ber that even an advocate of screening would expect a good
proportion of trials to fail. One issue that is not discussed is
the impact of our increasing capacity to stratify populations
on the basis of risk. This should allow us to optimize screen-
ing programmes and improve outcomes. The cautious tem-
pering of expectations advised by Saquib, Saquib and
Ionnidis is prudent but should not be overdone.
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