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Abstract

Objective: The  accuracy  of  colposcopy-guided  biopsy  is  key  to  the  success  of  colposcopic  triage  in  cervical

cancer screening programs. However, there is no widely adopted biopsy guideline up to date. Our study aimed to

determine whether multi-quadrants biopsy improves the yield of cervical lesions.

Methods: Eleven population-based cervical  cancer screening studies were conducted in China.  Cytology, high-

risk human papillomavirus (hrHPV) testing and visual inspection were performed for primary screening. Females

positive  on  one  or  more  tests  were  referred  for  colposcopy  and  biopsy.  The  proportion  of  detected  cervical

intraepithelial neoplasia (CIN)2+ and yields by quadrant lesion-targeted biopsy or 4-quadrant random biopsy were

compared.

Results: Among 4,923  females  included,  1,606  had  quadrant  lesion-targeted  biopsy,  and  3,317  had  4-quadrant

random biopsy.  The cumulative CIN2+ yield increased from 0.10 for only one quadrant-targeted biopsy to 0.21,

0.34,  and 0.58 for  at  most  two,  three  and four  quadrants  targeted biopsies.  Among hrHPV positive  females  with

high-grade  squamous  intraepithelial  lesion  (HSIL)+  cytology,  the  cumulative  CIN2+  yield  of  a  second  targeted

biopsy in  another  quadrant  was  significantly  increased (P<0.05).  Among hrHPV-negative  females,  the  yield  of  4-

quadrant  random  biopsies  was  0.005,  and  the  yield  by  lesion-targeted  biopsies  was  0.017.  For  hrHPV  positive

females  who  had  4-quadrant  random  biopsy,  the  additional  CIN2+  yield  for  HSIL+,  low-grade  squamous

intraepithelial lesion (LSIL) cytology, or abnormal visual inspection via acetic acid and Lugol’s iodine (VIA/VILI)

were 0.46, 0.11, 0.14.

Conclusions: A  4-quadrant  random  biopsy  is  recommended  only  for  hrHPV  positive  females  with  HSIL

cytology, and is  acceptable if  hrHPV positive with LSIL cytology or with abnormal VIA/VILI. Our findings add

evidences for an objective and practical biopsy standard to guide colposcopy in cervical cancer screening programs

in low- and middle-income countries.
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Introduction

Cervical  cancer  ranks  fourth  for  both  incidence  and
mortality worldwide among females, especially in low- and
middle-income  countries  (1)  where  effective  preventive
interventions  are  inaccessible  for  most  women  (2).  It  has
been  shown  that  high-quality  screening  program  with
adequate coverage can reduce cervical cancer incidence and
mortality  (3-5).  Definitive  diagnosis  of  cervical  intra-
epithelial  neoplasia  (CIN)  or  cancer  is  obtained  through
colposcopy  with  biopsy  followed  by  histopathology
examination,  which  makes  colposcopy  the  central  link
between  primary  screening  and  therapy  decisions.  In  the
era of high-risk human papillomavirus (hrHPV) screening,
the  population  referred  to  colposcopy  under  different
screening algorithms combining HPV testing, cytology, or
visual inspection, would be different (6).

The  performance  of  colposcopy  depends  on  the
experience of the performers, the referral indications, and
other factors (7). The accuracy and reproducibility among
different  clinicians,  and  the  concordance  between
colposcopy  and  histopathology  confirmed  CIN  varies
greatly (8,9). In low- and middle-income countries, the lack
of experienced personnel for colposcopy may lead to failure
of  a  screening  program.  To  address  the  limitations  of
colposcopic  directed  biopsy,  some  have  recommended
additional random biopsies from normal-appearing area
(10,11).  Some  have  reported  additional  biopsies  could
increase the sensitivity of colposcopic guided biopsies (12).
Studies in the U.S. and European countries recommended
to  take  additional  biopsies  when  multiple  lesions  are
present,  whereas  untargeted  biopsies  from  normal
appearing  areas  added  detection  of  very  little  disease
(13,14).

China is a populous country with a large and increasing
number of cervical cancer but unsatisfactory 5-year survival
(15). The government is organizing a nationwide screening
system to curb the trend; however, the lack of adequate
trained  local  doctors  remains  a  problem.  An  objective
criterion for biopsy would improve the performance. Only
very  few  studies  addressed  the  performance  of  multi-
quadrant biopsy in resource-limited settings.  Our study
aims at evaluating the performance on detecting high-grade
CINs  with  colposcopic  lesion-targeted  biopsies  by

quadrant and random biopsy under negative colposcopy
among Chinese females.

Materials and methods

Population

During  the  year  1999  and  2008,  11  population-based
cervical  cancer  screening studies  were conducted in  China
by Cancer Hospital, Chinese Academy of Medical Sciences
(CHCAMS),  including  Shanxi  Province  Cervical  Cancer
Screening  Study  (SPOCCS)  I  (1999),  SPOCCS  II
(2001−2002),  SPOCCS  III  (2006−2007),  International
Agency  for  Research  on  Cancer  (IARC)  study,  FastHPV
trial,  Prevalence  survey  and  HC2  trial.  Study  procedures
and  methodology  have  been  described  extensively
elsewhere  (16),  as  well  as  in Supplementary  Table  S1.  The
screened  females  were  17−65  years  old,  not  pregnant
currently,  had  no  history  of  pelvic  surgery  or  irradiation.
The screening protocols conformed to the provisions of the
Declaration  of  Helsinki.  The  Ethics  Committee  of
CHCAMS  approved  all  studies  prior  to  commencing.
Written informed consent was obtained.

Primary screening

Liquid-based  cytology,  hrHPV  testing  and  visual
inspection  via  acetic  acid  and  Lugol’s  iodine  (VIA/VILI)
were  performed  for  primary  screening.  Cytology  was
reported  according  to  the  2001  Bethesda  nomenclature,
including  negative  for  intraepithelial  lesion  or  malignancy
(NILM),  atypical  squamous  cells  of  undetermined
significance (ASC-US), low-grade squamous intraepithelial
lesion  (LSIL),  high-grade  squamous  intraepithelial  lesion
(HSIL), atypical squamous cells, favor high grade (ASC-H),
atypical  glandular  cells  (AGC)  and  squamous  cell
carcinoma (SCC).  Self-sampling and/or  physician-sampled
hybrid  capture  2  (HC2)  test  were  performed  for  hrHPV
detection.  During  VIA,  5%  acetic  acid  was  applied  to  the
surface of the cervix and aceto-white changes on the cervix
were recorded; Lugol’s iodine was applied if necessary.

Colposcopy and biopsy protocol

All females included in SPOCCS I underwent colposcopy,
4-quadrant  biopsy  and  endocervical  curettage  (ECC).  In

384 Zhao et al. Pooled analysis of multi-quadrants biopsy

© Chinese Journal of Cancer Research. All rights reserved. www.cjcrcn.org Chin J Cancer Res 2020;32(3):383-394

https://doi.org/10.21147/j.issn.1000-9604.2020.03.09


SPOCCS  II,  females  with  any  positive  primary  screening
were referred to colposcopy. In SPOCCS III, females with
positive  primary  screening  results  were  referred  to
colposcopy,  except  for  ASC-US  cytology  but  negative
HPV. In IARC study, FastHPV trial, prevalence survey and
HC2  trial,  colposcopy-guided  directed  biopsy  and  4-
quadrant  biopsies  were  required.  ECC  was  performed  if
necessary.  Specific  results  of  primary  screening  tests  were
masked from colposcopists. In the colposcopy examination,
5% of acetic acid was applied on the cervix. The surface of
the  cervix  was  divided  by  perpendicular  lines  drawn  from
12-  to  6-  o’clock  and  from  3-  to  9-o’clock.  The  four
cervical  quadrants  were  labeled  clockwise  with  the  first
quadrant  located  on  the  right  upper.  The  severity  of
colposcopic  findings  per  quadrant  was  recorded,  including
LSIL,  HSIL  or  cancer  (17).  Females  received  lesion-
targeted  biopsy  in  most  severe  suspicious  lesion  areas  and
random biopsy in other normal-appearing quadrants at the
squamocolumnar junction around 2-, 4-, 8-, or 10-o’clock.
All  random  biopsy  was  performed  with  a  bronchoscopy
biopsy  instrument  that  has  2  mm  jaws  to  prevent  severe
pain,  bleeding,  etc.  All  lesion-targeted  biopsies  were
performed  with  regular  biopsy  forceps.  The  cytology  and
histopathology  samples  have  been  blindly  reviewed  by
international or CHCAMS pathology experts.

Statistical analysis

Participants  with  complete  data  of  screening  results  were
included  for  analysis.  It  was  defined  that  a  female  had
quadrant  lesion-targeted biopsy  if  visible  lesions  in  one or
more quadrants were biopsied under abnormal colposcopic
impression; otherwise, it was defined as 4-quadrant random
biopsy.  If  more  than  one  lesion-targeted  biopsy  were
recorded  in  one  quadrant,  the  most  severe  finding  of  the
colposcopy  and  histopathology  findings  were  included  in
the  dataset.  CIN2+  was  set  as  the  endpoint  due  to  the
clinical  practice  for  treatment  in  China.  The  data  were
stratified  by  biopsy  type  (quadrant  lesion-targeted  biopsy,
or  4-quadrant  random  biopsy),  cytology  result  (NILM,
ASC-US,  LSIL,  HSIL+:  ASC-H,  HSIL,  SCC),  hrHPV
status  (negative  or  positive),  VIA/VILI  results  (normal  or
abnormal),  colposcopy  diagnosis  (normal,  LSIL,  HSIL  or
cancer), and age (≤34, 35−39, 40−44, ≥45 years).

Females with histopathology confirmed CIN2+ under
abnormal colposcopic impression were stratified into four
groups  based  on  the  maximum  number  of  quadrants
targeted biopsies needed to detect at least one quadrant of
CIN2+,  ranking  order  by  the  severity  of  colposcopy

impression per quadrant. When fewer than four quadrant
biopsies were taken in some cases, the maximum number of
biopsied needed ranking by colposcopy severity could not
be directly measured. Since the most majority of females
included (93.9%) have had 4-quadrant biopsy irrespective
of  the  colposcopic  findings,  ordinal  logistic  regression
models were used to impute the histopathology findings for
the  non-biopsied  quadrant,  adjusting  for  colposcopy
impression  per  quadrant,  cytology,  HPV  infection,
VIA/VILI and age. Proportion of cases was the percentage
of  females  found to  have  CIN2+ cases  stratified  by  the
maximum number  of  lesion-targeted  biopsy  needed  or
additional  random biopsy  among all  females  eventually
diagnosed as CIN2+ (CIN2+ detected by ECC alone was
excluded). The yield was the percentage of CIN2+ cases
among  females  with  quadrant-targeted  biopsies  or  4-
quadrant  random biopsy  in  each  stratum.  The  average
number of random biopsy needed per additional CIN2+
cases  was  calculated  for  both  normal  and  abnormal
colposcopic  impression  females.  Chi-square  test  was
performed to compare proportions. Chi-square trend test
was used to detect the yield trend. The data analysis was
performed with IBM SPSS Statistics (Version 23.0; IBM
Corp., New York, USA). Two-sided P<0.05 was considered
statistically significant.

Results

Among  17,647  females  participated  in  primary  screening,
7,019  females  were  positive  on  one  or  more  primary
screening  tests,  and  5,195  were  referred  to  colposcopy
successfully.  Among  them,  272  were  excluded  for  no
quadrants biopsy or missing data, and 4,923 females having
data of all primary screening results and quadrant record of
colposcopy  and  biopsy  were  included  (Figure  1).  Among
them,  1,606  females  (32.6%)  had  at  least  one  quadrant
lesion-targeted  biopsy,  3,317  females  (67.4%)  had  4-
quadrant  random  biopsy.  The  median  age  was  40  (range:
19−59)  years.  Of  the  4,923  patients,  600  (12.2%)  were
CIN1, 266 (5.4%) were CIN2, 264 (5.4%) were CIN3 and
39 (0.8%) were cancer. No additional CIN2+ per quadrant
was  estimated  by  the  regression  models  for  the  quadrant
not  biopsied.  The  CIN2+  prevalence  of  the  screening
population was 3.2%. The 24 CIN2+ cases found by ECC
alone will  not be further discussed here. The CIN2+ yield
increased with age, worse cytology, positive hrHPV status,
abnormal  VIA/VILI,  and  worse  colposcopy  impression  as
shown in Table 1.
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Quadrant lesion-targeted biopsy

Among  1,606  females  had  lesion-targeted  biopsies,  the
yield  was  0.23  (368/1,606).  In Figure  2,  females  were
stratified  by  the  number  of  quadrant  lesion-targeted
biopsies.  The  CIN2+  yield  of  the  first  quadrant-targeted
biopsy  increased  from  0.10  in  females  with  only  one
quadrant-targeted biopsy to 0.24 in females with four. The
incremental  yield  of  each  additional  quadrant  lesion-
targeted  biopsy  in  another  quadrant  ranged  from  0.09  to
0.13.  The  incremental  yield  of  a  second  quadrant  lesion-
targeted biopsy for females having had two, three and four
were  0.10,  0.10  and  0.11  (χ2=0.34,  P=0.844).  The
incremental  yield  of  a  third  biopsy  for  females  who  had
three and four quadrants lesion-targeted biopsy were 0.09.
The incremental yield of a fourth quadrant lesion-targeted
biopsy was 0.13.

There  were  1,454  females  have  had  less  than  four
quadrants of colposcopic suspicious lesions. The CIN2+
yield by quadrant-targeted biopsy was 0.13 (94/745) for

one, 0.23 (126/540) for two, 0.36 (60/169) for three and
0.58 (88/152) for four quadrant-targeted biopsies. Among
them, 30 CIN2+ cases were found by additional random
biopsy on normal-appearing quadrant, of which 17 females
had one quadrant-targeted biopsy, 11 females had two and
2  females  had  three.  The  additional  yield  was  0.02
(30/1,454). The 30 CIN2+ cases were all hrHPV-positive,
93.3% (28/30) were older than 35 years,  66.7% (20/30)
were  cytological  LSIL+,  90.0%  (27/30)  were  LSIL
impression under  colposcopy,  and the  CIN2+ lesion of
86.7% (26/30) cases were within one quadrant.

Table 2  shows the stratified cumulative proportion of
cases and yield of CIN2+ by the first  quadrant-targeted
biopsy ranked by the severity of colposcopic finding, or, at
most two, three, four quadrant-targeted biopsies needed,
and additional random biopsies stratified. The cumulative
proportion for only one, at most two, three and four lesion-
targeted biopsy were 54.3% [95% confidence interval (95%
CI):  49.2%,  59.4%],  78.3%  (95%  CI:  73.8%,  82.2%),
86.4%  (95%  CI:  82.5%,  89.5%)  and  91.8%  (95%  CI:
88.6%,  94.2%)  among  all  CIN2+  cases.  The  overall
increasing proportion of cases for each additional quadrant-
targeted biopsy needed showed significant difference, the
first to the second (χ2=47.09, P<0.001), the second to the
third  biopsy  (χ2=8.41,  P=0.004)  and third  to  the  fourth
(χ2=5.61, P=0.018). Except for hrHPV negative or age ≤34
years old, the increasing proportion of cases from the first
to the second biopsy showed statistical significance in all
strata. In HSIL+ cytology, hrHPV positive, VIA abnormal,
colposcopy LSIL, the increasing proportion of cases from
the  second  to  the  third  biopsy  also  showed  statistical
significance. The highest cumulative CIN2+ yield and the
additional  random  biopsy  yield  were  found  in  HSIL+
cytology (0.69, 0.05).

The  stratified  cumulative  CIN2+  yield  combining
cytology, VIA/VILI and colposcopy for only one, at most
two, three, or four lesion-targeted biopsies among hrHPV
positive females were shown in Figure 3. The yields were
very low in hrHPV positive females with NILM or ASC-
US cytology with LSIL colposcopy impression. In LSIL
cytology, the cumulative CIN2+ yield for only one, at most
two, three, or four quadrant lesion-targeted biopsies were
not significantly different in normal VIA/VILI and LSIL
colposcopy, but was nearly doubled in abnormal VIA/VILI
for the fourth vs.  the first biopsy (0.33 vs.  0.18, χ2=5.28,
P=0.021). Interestingly, 10 hrHPV positive females with
LSIL  cytology  were  VIA/VILI  normal  in  primary

 

Figure 1 Flowchart of data included.
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screening, however were HSIL+ under colposcopy. The
CIN2+  yield  of  the  10  females  was  high  as  0.60,  with
66.67% (4/6) could be detected by the first lesion-targeted
biopsy.  In  HSIL+  cytology,  the  cumulative  yield  was
significantly increased from the first to the third quadrant-
targeted biopsy if  the VIA/VILI was normal and colpo-
scopy was LSIL (0.28 vs. 0.51, χ2=8.37, P=0.004). There
was significant increased yield from the first to the second
quadrant-targeted biopsy in abnormal VIAVILI with LSIL
(0.31  vs.  0.47,  χ2=5.27,  P=0.022)  or  HSIL+ colposcopy
(0.56 vs. 0.78, χ2=11.95, P=0.001).

4-quadrants random biopsy

A total of 3,317 females had 4-quadrant random biopsy and
177 were found to be CIN2+, the yield was 0.05. The yield
was  low  in  hrHPV  negative  females,  which  was  0.005
(3/575).  For  females  infected  with  hrHPV,  the  yield  of
CIN2+ stratified by cytology and VIA/VILI was  shown in
Figure 4. The highest CIN2+ yield was 0.73 among hrHPV
positive  females  with  HSIL+  cytology  and  abnormal
VIA/VILI.  For  hrHPV  positive  females,  the  difference
between  yields  of  LSIL  and  HSIL+  cytology  showed
statistical  significance  (0.11 vs. 0.46,  χ2=81.16,  P<0.001),

Table 1 Clinical characteristics of study population by biopsy types*

Variables

Abnormal colposcopy impression and up
to 4 targeted biopsies (N=1,606)

Normal colposcopy impression and 4-quadrant
random biopsies (N=3,317)

Normal/CIN1
[n (%)] CIN2+ [n (%)] χ2, P Normal/CIN1

[n (%)] CIN2+ [n (%)] χ2, P

Age (year) 32.74, <0.001 15.53, 0.001

　≤34 178 (87.7) 25 (12.3) 178 (92.2) 15 (7.8)

　35−39 473 (79.8) 120 (20.2) 1,282 (96.2) 50 (3.8)

　40−44 382 (75.6) 123 (24.4) 999 (94.6) 57 (5.4)

　≥45 205 (67.2) 100 (32.8) 681 (92.5) 55 (7.5)

Cytology** 633.65, <0.001 690.59, <0.001

　NILM 720 (96.1) 29 (3.9) 1,877 (98.8) 23 (1.2)

　ASC-US 234 (87.3) 34 (12.7) 721 (96.9) 23 (3.1)

　AGC 6 (100) 0 (0) 15 (83.3) 3 (16.7)

　ASC-H 5 (71.4) 2 (28.6) 7 (77.8) 2 (22.2)

　LSIL 183 (72.3) 70 (27.7) 406 (90.8) 41 (9.2)

　HSIL 85 (27.5) 224 (72.5) 109 (55.3) 88 (44.7)

　SCC 0 (0) 9 (100) 1 (50.0) 1 (50.0)

HPV 176.71, <0.001 31.92, <0.001

　Negative 475 (98.3) 8 (1.7) 572 (99.5) 3 (0.5)

　Positive 763 (67.9) 360 (32.1) 2,568 (93.7) 174 (6.3)

VIA/VILI 61.98, <0.001 9.35, 0.009

　Normal 510 (81.5) 116 (18.5) 2,738 (94.9) 148 (5.1)

　Abnormal 728 (74.3) 252 (25.7) 402 (93.3) 29 (6.7)

Colposcopy 205.52, <0.001 −

　Normal 0 (0) 0 (0) 3,140 (94.7) 177 (5.3)

　LSIL 1,096 (83.9) 211 (16.1) 0 (0) 0 (0)

　HSIL 137 (51.7) 128 (48.3) 0 (0) 0 (0)

　Cancer 5 (14.7) 29 (85.3) 0 (0) 0 (0)

*, 24 cases of CIN2+ found by endocervical curettage alone, 8 of them had lesion targeted biopsy and 16 of them had 4-quadrant
random biopsy; **, 5 cases of unsatisfactory cytology were not listed; CIN, cervical intraepithelial neoplasia; NILM, negative for
intraepithelial lesion or malignancy; ASC-US, atypical squamous cells of undetermined significance; AGC, atypical glandular cells;
ASC-H, atypical squamous cells, favor high grade; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous
intraepithelial lesion; SCC, squamous cell carcinoma; HPV, human papillomavirus; VIA/VILI, visual inspection via acetic acid and
Lugol’s iodine.
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normal  and  abnormal  VIA/VILI  (0.06 vs. 0.14,  χ2=21.85,
P<0.001).  Eighty-eight  CIN2+  cases  were  found  in  193
females  with  hrHPV  and  HSIL+  cytology  but  normal
colposcopy, that is  to say, almost every 2−3 females would
be detected as CIN2+ by 4-quadrant random biopsy in this
population. Less than 8−9 females should have 4-quadrant
random  biopsy  to  detect  one  more  CIN2+  cases  among
hrHPV positive females with abnormal primary VIA/VILI
(7.2,  208/29),  or  LSIL  cytology  (8.7,  348/40).  In  hrHPV
positive females with HSIL+ cytology, the CIN2+ yield of
4-quadrant random biopsy was the same as four quadrants
targeted  biopsies  (16/22,  0.73 vs. 164/211,  0.78;  χ2=0.283,
P=0.595)  if  the  primary  VIA/VILI  was  abnormal,  and
regardless  of  the  severity  of  colposcopy  findings.  No
adverse  events  such  as  severe  pain,  bleeding  requiring
additional  interventions,  cervical  infections  and
complications  requiring  hospitalization  occurred  in  our
study.

Discussion

The  main  findings  of  our  study  proved  that  multi-
quadrants  biopsy increases  the accuracy of  colposcopy and
the  CIN2+  yield,  especially  in  some  subgroups,  such  as
positive  hrHPV  and  high-grade  cytological  findings.
Females  testing  positive  on  cervical  cancer  screening  are
referred  for  colposcopy  triage  and  lesion-targeted  biopsy
from  abnormal-looking  areas  for  diagnosis  of  cervical

neoplasia. The efficiency of detecting high-grade CIN and
cervical  cancer  by  colposcopic  directed  biopsy  has  been  a
significant  concern  for  decades  and  colposcopy  with  a
single  biopsy  can  miss  high-grade  CIN.  It  has  been  well
documented  that  colposcopic  assessment  and  biopsy
directing  practices  are  less  reproducible  and  could  miss  a
substantial  proportion  of  prevalent  high-grade  CIN
(12,18,19).  A  recent  study  in  China  reported  that  among
females having LSIL+ cytology but negative biopsy finding
at  baseline,  20%  of  the  called-back  population  were
histopathological confirmed as high-grade CIN or cervical
intraepithelial  cancer  at  the  follow-up  punch  biopsy,  cone
biopsy, or hysterectomy specimen (20). These observations
have led to the practice of taking multiple targeted biopsies
from  colposcopic  abnormal  areas  and  taking  random
biopsies  from  normal  looking  areas  to  improve  the
detection  rate  of  high-grade  CIN.  It  has  been  shown that
multiple  quadrant  lesion-directed  biopsies  during
colposcopy  increased  detection  of  high-grade  CIN
(13,19,21-23)  and  our  results  are  consistent  with  this
observation.  The  incremental  benefit  of  taking  multiple
quadrant biopsies in improving the diagnosis of high-grade
CIN is  clear  in  our study.  With the rigorous study design
and  large  sample  size,  our  findings  provided  evidence  for
colposcopy-guided  biopsy  that  may  be  helpful  for  the
current clinical practice.

The number and size of visible lesions under colposcopy
are closely related to the severity of the lesion (7,24), which
is reasonable for the increased yield of the first quadrant
lesion-targeted biopsy along with the number of targeted
biopsies. Nearly two-fold increase in CIN2+ yield for the
first quadrant biopsy was found for females having targeted
biopsies  in  four  quadrants  than  females  had  only  one
quadrant-targeted biopsy. The highest increment of the
second biopsy was found in females having four quadrant-
targeted biopsies. These results are similar to Wentzensen’
s study (13) that reported a three-fold (12%−34%) increase
in  yield  from females  with  one  directed  biopsy  to  four
directed biopsies. Besides, the greatest increase in yield was
also found in the second biopsy in their study. However,
stratified by the number of lesion-targeted biopsies, the
incremental  yield  of  each  additionally  targeted  biopsy
ranges  between  0.09−0.13  whereas  they  reported
decreasing increments for each additional  biopsy in the
third  and  fourth  targeted  biopsy  (13).  A  possible
explanation could be the different biopsy protocols. In their
study,  multiple  lesion-directed biopsies  were taken at  a
lower threshold for abnormality, possibly explaining the

 

Figure  2 Yield  of  CIN2+  by  number  of  QLT  biopsy  needed.
Females  have  had  lesion-targeted  biopsy  were  grouped  by  the
number  of  QLT  biopsy.  The  bars  show  CIN2+  yield  by  the
number  of  quadrant-targeted  biopsy  needed.  Red  bars  are
additional  yield  of  each  additional  lesion-targeted  biopsy  ranked
by severity of the colposcopic impression of each quadrant.  CIN,
cervical intraepithelial neoplasia; QLT, quadrant lesion-targeted.
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Table 2 Proportion of detected cases and yield of CIN2+ by biopsies numbers among females with abnormal colposcopy impression

Clinical diagnosis Biopsy
needed*

Lesion-targeted biopsy Additional random biopsy

CIN2+
(n)

Cumulative
proportion

(%)

95% CI
(%)

Cumulative
CIN2+ yield

CIN2+
(n)

Cumulative
proportion (%)

95% CI
(%)

Cumulative
CIN2+ yield

ALL (N=1,606) 1 200 54.3 49.2 59.4 0.12 17 4.6 2.9 7.3 0.01

1−2 288 78.3 73.8 82.2 0.18 28 7.6 5.3 10.8 0.02

1−3 318 86.4 82.5 89.5 0.20 30 8.2 5.8 11.4 0.02

1−4 338 91.8 88.6 94.2 0.21

Cytology**

　NILM (N=749) 1 15 51.7 34.4 68.6 0.02 1 3.4 0.6 17.2 0

1−2 24 82.8 65.5 92.4 0.03 3 10.3 3.6 26.4 0

1−3 26 89.7 73.6 96.4 0.03 3 10.3 3.6 26.4 0

1−4 26 89.7 73.6 96.4 0.03

　ASC-US (N=268) 1 13 38.2 23.9 55.0 0.05 5 14.7 6.5 30.1 0.02

1−2 23 67.6 50.8 80.9 0.09 7 20.6 10.4 36.8 0.03

1−3 25 73.5 56.9 85.4 0.09 7 20.6 10.4 36.8 0.03

1−4 27 79.4 63.2 89.7 0.10

　LSIL (N=253) 1 41 58.6 46.9 69.4 0.16 2 2.9 0.8 9.8 0.01

1−2 55 78.6 67.6 86.6 0.22 4 5.7 2.2 13.8 0.02

1−3 58 82.9 72.4 89.9 0.23 4 5.7 2.2 13.8 0.02

1−4 66 94.3 86.2 97.8 0.26

　HSIL+ (N=325) 1 131 56.2 49.8 62.4 0.41 9 3.9 2.0 7.2 0.03

1−2 186 79.8 74.2 84.5 0.58 14 6.0 3.6 9.8 0.04

1−3 209 89.7 85.1 93.0 0.66 16 6.9 4.3 10.9 0.05

1−4 219 94.0 90.2 96.4 0.69

HPV

　HPV− (N=483) 1 8 100 67.6 100 0.02 0 0 0 0 0

1−2 8 100 67.6 100 0.02 0 0 0 0 0

1−3 8 100 67.6 100 0.02 0 0 0 0 0

1−4 8 100 67.6 100 0.02

　HPV+ (N=1,123) 1 192 53.6 48.2 58.4 0.17 17 4.7 3.0 7.4 0.02

1−2 280 77.8 73.2 81.8 0.25 28 7.8 5.4 11.0 0.02

1−3 310 85.8 82.2 89.3 0.28 30 8.3 5.9 11.7 0.03

1−4 330 91.7 88.4 94.1 0.29

VIA/VILI

　Normal (N=626) 1 62 53.4 44.4 62.3 0.10 7 6.0 3.0 11.9 0.01

1−2 88 75.9 67.3 82.7 0.14 14 12.1 7.3 19.2 0.02

1−3 97 83.6 75.8 89.3 0.15 14 12.1 7.3 19.2 0.02

1−4 102 87.9 80.8 92.7 0.16

　Abnormal
　(N=980)

1 138 54.8 48.6 60.8 0.14 10 4.0 1.6 6.4 0.01

1−2 200 79.4 74.0 83.9 0.20 14 5.6 2.7 8.4 0.01

1−3 221 87.7 83.1 91.2 0.23 16 6.3 3.3 9.4 0.02

1−4 236 93.7 89.9 96.1 0.24

Table 2 (continued)
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lower yield from subsequent non-directed biopsies (13).
However, the most severe suspicious areas in each quadrant
were biopsied in our studies. The incremental CIN2+ yield
would be affected by the size, number and the distribution
of  the  optical  lesions.  It  also  explains  that  80.0%
(1,285/1,606) of females in our study had less than three
targeted biopsies and 42.0% in theirs.

Several studies have reported a higher yield of CIN2+ by
additional biopsies. Zuchna et al.  (21) reported that two

biopsies achieved a highly significant improvement in the
agreement  between  punch  biopsy  and  cone  specimen
compared with one biopsy, and suggested three or more
biopsies may improve sensitivity. Stoler et al. (19) found
taking more than one biopsy was significantly associated
with  fewer  missed  CIN3+  cases.  A  Japanese  study
concluded that two targeted biopsies should be taken, and
random  biopsies  at  normal  appearing  quadrants  are
recommended  for  low-grade  cytology  (22).  A  study  in

Table 2 (continued)
 

Clinical diagnosis Biopsy
needed*

Lesion-targeted biopsy Additional random biopsy

CIN2+
(n)

Cumulative
proportion

(%)

95% CI
(%)

Cumulative
CIN2+ yield

CIN2+
(n)

Cumulative
proportion (%)

95% CI
(%)

Cumulative
CIN2+ yield

Colposcopy

　LSIL (N=1,307) 1 103 48.8 42.2 55.5 0.08 16 7.6 3.9 10.1 0.01

1−2 154 73.0 66.6 78.5 0.12 25 11.8 6.8 14.2 0.02

1−3 176 83.4 77.8 87.8 0.13 27 12.8 7.5 15.1 0.02

1−4 184 87.2 82.0 91.1 0.14

　HSIL+ (N=299) 1 97 61.8 54.0 69.0 0.32 1 0.6 0.1 3.5 0

1−2 134 85.4 79.0 90.0 0.45 3 1.9 0.7 5.5 0.01

1−3 142 90.4 84.8 94.1 0.47 3 1.9 0.7 5.5 0.01

1−4 154 98.1 94.5 99.4 0.52

Age (year)

　≤34 (N=203) 1 14 56.0 37.1 73.3 0.07 0 0 0 0 0

1−2 19 76.0 56.6 88.5 0.09 2 8.0 2.2 25.0 0.01

1−3 22 88.0 70.1 95.8 0.11 2 8.0 2.2 25.0 0.01

1−4 23 92.0 75.0 97.8 0.11

　35−39 (N=593) 1 55 45.8 37.2 54.7 0.09 3 2.5 0.9 7.1 0.01

1−2 95 79.2 71.1 85.5 0.16 5 4.2 1.8 9.4 0.01

1−3 105 87.5 80.4 92.3 0.18 6 5.0 2.3 10.5 0.01

1−4 114 95.0 89.5 97.7 0.19

　40−44 (N=505) 1 72 58.5 49.7 66.9 0.14 11 8.9 5.1 15.3 0.02

1−2 92 74.8 66.5 81.6 0.18 15 12.2 7.5 19.2 0.03

1−3 103 83.7 76.2 89.2 0.20 15 12.2 7.5 19.2 0.03

1−4 108 87.8 80.9 92.5 0.21

　≥45 (N=305) 1 59 59.0 49.2 68.1 0.19 3 3.0 1.0 8.5 0.01

1−2 82 82.0 73.3 88.3 0.27 6 6.0 2.8 12.5 0.02

1−3 88 88.0 80.2 93.0 0.29 7 7.0 3.4 13.8 0.02

1−4 93 93.0 86.3 96.6 0.30

*, “Biopsy needed” describes that to detect one quadrant of CIN2+, the maximum number of lesion-targeted biopsy needed by
quadrant, ranking order by the severity of colposcopy impression; **, 5 cases of unsatisfactory cytology and 6 cases of AGC were
not listed here. HSIL+ including ASC-H, HSIL, and SCC; CIN, cervical intraepithelial neoplasia; NILM, negative for intraepithelial
lesion or malignancy; ASC-US, atypical squamous cells of undetermined significance; LSIL, low-grade squamous intraepithelial
lesion; HSIL, high-grade squamous intraepithelial lesion; HPV, human papillomavirus; VIA/VILI, visual inspection via acetic acid and
Lugol’s  iodine;  95% CI,  95% confidence interval;  ASC-H,  atypical  squamous cells,  favor  high grade;  SCC,  squamous cell
carcinoma; AGC, atypical glandular cells.
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Thailand concluded that multiple biopsies increased the
sensitivity  of  CIN2+  detection  (23).  In  our  study,  in
addition to the first targeted biopsy, a second one could
significantly improve the cumulative sensitivity of lesion-
targeted biopsy by nearly 25%. Besides, a third targeted
biopsy  could  increase  the  sensitivity  by  nearly  10%,

suggesting  that  a  third  targeted  biopsy  also  should  be
performed.

The primary screening results are pivotal indications for
biopsy  under  colposcopy.  In  our  study,  the  cumulative
CIN2+  yield  of  quadrant-targeted  biopsy  increased
gradually from only one to at most four targeted biopsies in

 

Figure 3 Yield of CIN2+ by quadrant-targeted biopsy in hrHPV infected females stratified by cytology, VIA and colposcopy results. CIN,
cervical intraepithelial neoplasia; hrHPV, high-risk human papillomavirus; QLT, quadrant lesion-targeted; VIA/VILI, visual inspection via
acetic  acid and Lugol’s  iodine;  ASC-US, atypical  squamous cells  of  undetermined significance;  LSIL, low-grade squamous intraepithelial
lesion; HSIL, high-grade squamous intraepithelial lesion.
 

Figure  4 Yield  of  CIN2+  by  random biopsy  in  hrHPV infected  females  with  normal  colposcopic  impression,  stratified  by  cytology  and
VIA/VILI. CIN, cervical intraepithelial neoplasia; hrHPV, high-risk human papillomavirus; VIA/VILI, visual inspection via acetic acid and
Lugol’s  iodine;  ASC-US,  atypical  squamous  cells  of  undetermined  significance;  LSIL,  low-grade  squamous  intraepithelial  lesion;  HSIL,
high-grade squamous intraepithelial lesion.
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different primary screening and colposcopy findings strata.
The highest  CIN2+ yield was found in hrHPV positive
females with abnormal VIA/VILI, HSIL+ cytology, and
HSIL+ colposcopy. It is worth noting that the CIN2+ yield
between normal and abnormal colposcopy findings in these
females was not significantly different. It has been reported
a significantly  less  mean average epithelial  thickness  of
CIN2 or CIN3 between normal colposcopy impression and
low-,  high-grade  CIN or  suspected  cancer  colposcopic
impression  (25),  that  a  false  negative  colposcopic
impression is sometimes secondary to the relative thinness
of  some  CIN2−3  lesions  (25).  It  also  may  be  partly
attributed to the misclassification of benign changes under
colposcopy.

Strengths of our study include the large sample size with
rigorous methodology, high quality of diagnostic assurance.
In our study, females with one or more positive primary
screening results referred to colposcopy, the majority of
them (93.9%) have had four quadrants biopsies regardless
of  the  colposcopic  findings  per  quadrant,  which  could
minimize  the  verification  bias.  Since  different  cervical
cancer screening practices were recommended worldwide
according  to  the  accessibility  to  health  resources,  the
screening method for different countries and population
varies significantly. In China, cytology, visual inspection,
and  hrHPV  testing  were  recommended  for  primary
screening.  Our  data  presented  the  accuracy  of  multi-
quadrants biopsy under different combinations of primary
screening, which were practical for different population-
based screening programs.

A major limitation is the limited information of hrHPV
testing. Basu et al. found significantly higher detection rate
of CIN2+ in females with intermediate and high viral load
and  recommended  multiple  punch  biopsies  in  this
population, even if colposcopy is normal (26). HPV 16/18
positive  females  have a  much higher  risk  of  developing
high-grade CINs (27,28) and could be detected in most
cervical  cancer  tissues  (29,30).  It  is  recommended  that
females  with  negative  cytology  but  positive  HPV16/18
should be referred for colposcopy (31). Another limitation
is that random biopsy was taken at fixed location on the
cervix.  Several  studies  reported  there  might  be  a
topographical  pattern of CIN on the cervix,  which may
result  in  underestimating the  CIN2+ yield  of  biopsy  at
normal-appearing areas (32-34). Possible harms of taking
multiple biopsies are discomfort and increased the cost of
pathology processing and evaluation. In our study, taking
additional  quadrant-targeted  biopsies  with  sharp  high-

quality  biopsy  forceps  and  random  biopsies  using
bronchoscopy biopsy instrument was well  tolerated. No
adverse events occurred in our study. It has been shown
that  multiple  biopsies  did  not  increase  the  risk  of
subsequent HPV infections (35).

Conclusions

The  CIN2+  yield  could  be  improved  by  each  additional
targeted  biopsy  in  different  quadrants  under  abnormal
colposcopic impression. A 4-quadrant random biopsy under
the  normal  colposcopic  impression  is  recommended  for
positive  hrHPV  and  HSIL+  cytology,  and  is  acceptable  if
hrHPV  positive  with  LSIL  cytology  or  abnormal
VIA/VILI.
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Table S1 Characteristics of pooled studies

Study name Study
year

No. of
Screened

Age
(year)

Screening
tests Follow-up procedure

Histology
location and
review

SPOCCS I 1999 1,997 35−45 HC2 (self,
physician),
fluorescence
test, LBC, VIA,
colposcopy

All females received 4-quadrant biopsies and ECC
under colposcopy

CICAMS; Blinded
international
review

SPOCCS II 2001−
2002

8,497 35−50 HC2 (self,
physician),
LBC, VIA, AFB

Positive VIA, self- or physician-test for high-risk HPV,
or an abnormal AFB, or a positive Pap test (ASCUS
or worse): 4-quadrant biopsies and ECC

CICAMS

SPOCCS III−
Shanxi

2006 884 16−54 HC2 (self,
physician),
LBC, VIA

1) Positive VIA or positive self-HC2: colposcopy and
directed biopsy, ECC if necessary; 2) positive
physician-collected HC2 or ≥ASC-H on LBC:
colposcopy and 4-quadrant biopsies, ECC if
necessary

CICAMS; Blinded
international
review

SPOCCS III−
Beijing

2006 795 16−54 HC2, LBC, VIA 1) Positive VIA: colposcopy and directed biopsy, ECC
if necessary; 2) Positive physician-collected HC2 and
ASC-US on LBC or ≥ASC-H: colposcopy and 4-
quadrant biopsies, ECC if necessary

Peking University
People’s
Hospital; Blinded
international and
CICAMS review

SPOCCS III−
Xinjiang

2006 883 16−54 HC2 (self,
physician),
LBC, VIA

Same as SPOCCS III−Shanxi CICAMS; Blinded
international
review

SPOCCS III−
Henan

2006 879 16−54 HC2 (self,
physician),
LBC, VIA

Same as SPOCCS III−Shanxi CICAMS; Blinded
international
review

SPOCCS III−
Shanghai

2007 774 16−54 HC2, LBC, VIA 1) Positive VIA: colposcopy and directed biopsy, ECC
if necessary; 2) Positive physician-collected HC2 or ≥
ASC-H: colposcopy and 4-quadrant biopsies, ECC if
necessary

Shanghai;
Blinded
international and
CICAMS review

IARC−
Shanxi

2004 745 15−59 HC2
fluorescence
test, LBC, VIA,
VILI,
colposcopy

1) Positive colposcopy or fluorescence test: directed
biopsy, and ECC if necessary; 2) Negative
colposcopy, but HC2 positive and ASC-US, or ≥LSIL
on LBC: Follow up one year later

Yangchen
County Cancer
Hospital; Blinded
CICAMS review

Fast
HPV
trial

2007 818 30−50 HC2,
careHPVTM,
LBC, VIA, VILI

1) Either VIA/VILI or careHPVTM was positive:
colposcopy and directed biopsy, and ECC if
necessary; 2) VIA, VILI and careHPVTM were negative,
or colposcopy was negative, but HC2 positive or ≥
LSIL on cytology: 4-quadrant biopsies, and ECC if
necessary

CICAMS

Prevalence
Survey,
Jiangsu

2008 316 18−25 HC2, LBC, VIA 1) Positive VIA: colposcopy and directed biopsy, and
ECC if necessary; 2) Negative VIA but ≥ASC-H on
LBC: colposcopy and 4-quadrant biopsies, and ECC
if necessary; 3) Negative VIA but HC2 positive and ≤
ASC-US on LBC: colposcopy and directed biopsy,
and ECC if necessary

CICAMS

HC2
trial

2008 1,059 30−59 HC2, LBC,
VIA, VILI

1) Positive VIA/VILI: directed biopsy, and ECC if
necessary; 2) Negative VIA/VILI but HC2 positive and
ASC-US, or ≥ASC-H on LBC: colposcopy and 4-
quadrant biopsies, and ECC if necessary; 3) Either
HC2 positive or ASC-US on LBC: directed biopsy,
and ECC if necessary

CICAMS

SPOCCS, Shanxi Province Cervical Cancer Screening Study; IARC, International Agency for Research on Cancer; HC2, hybrid
capture  2;  LBC,  liquid-based  cytology;  VIA,  visual  inspection  via  acetic  acid;  ECC,  endocervical  curettage;  CICAMS,
Cancer Institute, Chinese Academy of Medical Sciences; AFB, ampersand’s fluorescent biomolecular markers; HPV, human
papillomavirus; ASC-US, atypical squamous cells of undetermined significance; ASC-H, atypical squamous cells, favor high grade;
LSIL, low-grade squamous intraepithelial lesion; VILI, visual inspection via Lugol’s iodine.

© Chinese Journal of Cancer Research. All rights reserved. www.cjcrcn.org Chin J Cancer Res 2020;32(3):383-394


