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Abstract
Background—The Ukrainian American Cohort Study was established to evaluate the risk of
thyroid disorders in a group exposed as children and adolescents to 131I by the Chornobyl accident
(arithmetic mean thyroid dose=0.79 Gray). Subjects are screened by palpation and ultrasound and
referred to surgery according to fine needle aspiration biopsy (FNA). However, the accuracy of
FNA cytology for detecting histopathologically confirmed malignancy following this level of
internal exposure to radioiodines is unknown.

Methods—As a result of the first screening cycle (1998-2000), 13,243 individuals were
examined, 356 with thyroid nodules were referred for FNA, 288 completed the procedure, 85 were
referred to surgery, 82 were operated upon, and pre-operative cytology was available for review in
78. Cytological interpretation for the nodule that resulted in surgical referral was correlated with
final pathomorphology; discrepancies were retrospectively reviewed; and sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) of FNA cytology were
calculated.

Results—All 24 cytological interpretations definite for papillary thyroid cancer (PTC) were
histopathologically confirmed (PPV=100%) and of 11 suspect for PTC, 10 were confirmed
(PPV=90.9%). Ten of 41 FNAs interpreted as either definite or suspect for follicular neoplasm
(FN) were confirmed as malignant (PPV=24.4%): 2 follicular thyroid cancers (FTC) and 8 PTCs
(all but one of the follicular or mixed subtypes). Depending on whether a cytological interpretation
of FN was considered a “positive” or “negative”, sensitivity was 100% or 77.3%, respectively;
similarly, specificity was 17.6% or 97.1 %, PPV 61.1% or 97.1% and NPV 100% or 76.7%.

Conclusions—Among children and adolescents exposed to 131I following Chornobyl and
evaluated 12 to 14 years later, thyroid cytology has a sensitivity and predictive value similar to
that reported in unexposed populations.
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INTRODUCTION
In April 1986 the Chornobyl (Chernobyl in Russian) accident exposed the residents of
northern Ukraine to massive amounts of radioactive isotopes of iodine, mainly 131I that was
acquired by drinking contaminated milk (1). The most important health consequence of the
catastrophe has been an enormous increase in the number of thyroid cancers, largely of the
papillary type, among those exposed as children and adolescents (2,3). Although many of
the early papillary cancers demonstrated a prominent or exclusively solid growth pattern and
aggressive clinical behavior (4-8), longer latency has been associated with more typical
papillary carcinomas that are less invasive (9,10).

The Ukrainian-American Cohort Study of Thyroid Cancer and Other Thyroid Diseases
(UkrAm) was established to evaluate risk of thyroid cancer and other thyroid disorders in a
group of individuals under age 18 years when exposed to Chornobyl fallout, and who had
direct thyroid radioactivity measurements taken within several weeks after the accident.
Subjects are screened for thyroid nodules by palpation and ultrasound (US) and referral is
made to surgery if fine needle aspiration biopsy (FNA) is definite or suspect papillary cancer
or follicular neoplasm.

FNA cytology of thyroid nodules is widely recognized to be accurate and, except for
follicular neoplasms (11,12), to have a high positive predictive value for thyroid malignancy
among unexposed adults (13-15) and children (16). However, there have been only a few
reports concerning cytological findings in irradiated individuals and what is known comes
largely from those who were externally exposed to x-irradiation during childhood (17-20).
High-dose x-ray exposure (17) and internal irradiation with therapeutic doses of 131I (21,22)
result in marked nuclear and cellular atypia that potentially lowers the accuracy of FNA for
detecting malignancy, whereas following lower external doses the reported predictive value
of thyroid cytology is similar to that in unexposed populations (18,19). The accuracy of
FNA following lower thyroid 131I doses from environmental exposure has seldom been
examined. There have been only three previous reports of thyroid cytology in Chornobyl-
exposed children (23-25) and no previous cyto-histopathologic correlations in this
population.

In this paper we describe our experience with pre-operative FNA cytology in those UkrAm
cohort members who underwent surgery for thyroid nodules detected during the first cycle
of screening (1998-2000). We correlate the cytological and histopathologic features in 78
cases, discuss discordant conclusions, and examine the accuracy of FNA cytology in this
unique population, which has been evaluated according to a strict protocol.

MATERIALS AND METHODS
Study cohort

Details of the organization and methods of UkrAm and a parallel program in Belarus have
been published (26,27). The Ukrainian cohort consists of subjects less than 18 years of age
on 26 April 1986 who were residents of the heavily contaminated Kyiv, Chernihiv, and
Zhytomyr Oblasts and who had direct thyroid radioactivity measurements taken in May or
June 1986. An oblast is an administrative region similar to a state or province.

Screening, fine needle aspiration, and referral to surgery
During the first screening cycle (1998-2000), 13,243 subjects were examined and FNA was
carried out according to protocol-specified indications. The screenings were conducted
mainly by mobile teams working in regional hospitals and patients were referred to the
Institute of Endocrinology and Metabolism (IEM) in Kyiv for FNA, which was performed
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on focal thyroid nodules detected either on palpation or US that measured ≥ 10 mm in
greatest dimension and on all sonographically suspicious lesions (based on
hypoechogenicity, irregular shape/contour, microcalcifications, extension through thyroid
capsule, interval growth, abnormal adenopathy) that measured from 5 to 10 mm in greatest
dimension. Patients were referred for surgery if cytology was diagnostic or suspicious for
malignancy in either a nodule or a lymph node or for a follicular neoplasm in a nodule, or at
the discretion of the attending physician. In the case of an inadequate specimen, the FNA
was repeated either at the same or a subsequent visit until sufficient cytological material was
obtained. Up to three attempts were carried out within any given 12-month period.

Out of 13,243 cohort members screened during the first cycle, 356 (2.7%) with thyroid
nodules were referred for FNA and of these 62 (17.4 %) were deemed not to require the
procedure after re-evaluation at the IEM. Of the 294 patients for whom FNA was indicated,
288 (98.0%) completed the procedure at least once. After the first FNA, an adequate
cytological specimen was obtained in 218 (75.7%); after the second in 52 (18.1%); after the
third in 14 (4.9%); and after the fourth in 2 (0.7%). Since subjects lacking a satisfactory
FNA specimen were not referred to surgery, two patients (0.7%) with uninformative
aspirates who refused additional sampling are not included in the analysis.

Of the 286 subjects with adequate specimens, almost 60% of cytological interpretations
were nodular goiter; autoimmune thyroiditis and benign cyst were much less common
conclusions. Eighty-five cohort members with suspicious biopsies were referred to surgery
and 82 (96.5%) were operated on between 1998 and 2007, 78 at the IEM and the remaining
four at regional hospitals, two in Chernihiv and one each in Kyiv and Zhytomyr. All 82
histopathogical specimens were evaluated (re-diagnosed in four cases) at the IEM. Eighty
cases had surgery performed between 1998 and 2004 and have been described in detail
(10,27). Of the 82 operated patients, 78 (95%) had preoperative FNA performed at the IEM
and are the subjects of this report. Four cases were excluded: one FNA performed at a
regional hospital in Zhytomyr and not reviewed at the IEM and three that did not have a
preoperative FNA (one each with toxic diffuse goiter, simple diffuse goiter, and bilateral
multinodular goiter).

Cytological procedures
FNA of the thyroid was performed under US guidance using a 21-G needle, usually without
a syringe or suction, a technique that produced a high cellular yield and no excessive
bleeding. In order to maximize efficiency and minimize patient waiting time, the presence of
an adequate number of epithelial cells was determined on-site by a cytologist’s examination
of native (unstained) smears with the light microscope’s condenser lowered to one half of
the lens’ aperture. In the laboratory, the smears were fixed for five minutes in methanol
followed by 30 minutes of staining in Giemsa dye diluted in 0.067M phosphate buffer.
Adequacy of the stained smears was defined by the presence of at least two smears with at
least six to eight groups of well-preserved follicular epithelial cells. Cytological findings
were classified according to conventional criteria (28) as:

• Negative for malignant cells (nonneoplastic: nodular goiter [NG] or autoimmune
thyroiditis);

• Definite or suspect papillary thyroid carcinoma (PTC);

• Definite or suspect follicular neoplasm (FN) or Hurthle cell tumor;

• Non-diagnostic due to insufficient or distorted epithelial cells.

Cases were given a unique laboratory identification number and the slides were also labeled
with a bar code number corresponding to their identification number in the Chornobyl
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Cohort Screening Project. Cytological interpretations were made by two of the authors (YB,
AZ) and reviewed by a third (EG). The consensus cytological findings and conclusions for
each FNA were entered on a paper form and submitted to the UkrAm Data Coordinating
Center in the IEM for entry into the project database. In addition to choosing specific
diagnostic categories with a manual check mark on the form, the cytologist entered the
diagnosis as free text as a back up for the data entry staff.

Histopathological procedures
Postoperative study of paraffin sections stained with hematoxylin-eosin was performed at
the IEM Pathology Laboratory in all cases. The diagnosis was made by two of the authors
(TIB, LYZ) according to the World Health Organization histological classification system
(29), and another author (EG) reviewed all cases. The International Pathology Panel,
established in the framework of the Chernobyl Tissue Bank (available at URL
www.Chernobyltissuebank.com [accessed April 2008]), confirmed all histopathologic
diagnoses. PTCs were subdivided into several subtypes, depending on the dominant
structural component (10). Final pathomorphological analysis revealed 45 thyroid
carcinomas, including 43 PTCs (95.6%) and 2 follicular thyroid carcinomas (FTCs) (4.4%)
(10). Among the PTCs, 8 exhibited the classical papillary histologic pattern (18.6%), 14
exhibited a follicular histologic pattern (32.6%), 5 exhibited a solid histologic pattern
(11.6%), and 16 exhibited a mixed histologic pattern (37.2%). Both FTCs had a
microfollicular-solid structure. In two patients who underwent surgery for multinodular
goiter, occult PTCs that measured 1 and 9 mm were detected only at final
pathomorphological examination and are not considered in the current analysis.
Retrospective review of the FNA cytology was performed by three of the authors (YB, TIB,
EG) on all cases in which there was a discrepancy between the cytological interpretation and
the final histopathologic diagnosis.

Statistical analysis
In order to estimate the accuracy of FNA in our cohort, we analyzed the data in several
ways. Initially, we calculated positive predictive values (PPV) for the specific cytological
interpretations in Table 1. However, we could not accurately estimate the PPV of a benign
aspirate as individuals with non-neoplastic FNAs were not referred to surgery, with the
exception of two cases operated upon for clinical reasons.

Because a cytological conclusion of FN does not differentiate between benign and malignant
nodules, some authors have considered FN a “positive” (malignant or neoplastic) finding,
while others have considered it a ”negative” (11,12). To compare our findings with the
majority of studies and to evaluate how FNA accuracy is influenced by how FN is
categorized, we analyzed the data using both approaches and determined overall sensitivity,
specificity, positive predictive value, and negative predictive value according to the
definitions and formulas given in Table 2. We first considered a cytological interpretation of
definite FN as a “positive” finding and if the corresponding histopathology was FA or NG,
the case was considered a false positive. The single case where the cytology was suspect
PTC and the final diagnosis was FA was also considered a false positive. For the purposes of
analysis, the two cases of NG that underwent operation at the discretion of the attending
physician and the four cases of suspect FN were considered “negative”. We then performed
the calculations by treating a cytological finding of definite FN as a “negative” result (11)
and if the final histopathology was PTC or FTC, the case was considered a false negative.

The study was reviewed and approved by Institutional Review Boards in Ukraine and the
United States and all participants signed an informed consent form.
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RESULTS
The study population

The female to male ratio among the 78 study subjects was 50:28 (1.8:1). At operation, 2
(2.6%) were children 14 years old, 13 (16.7%) were adolescents aged 15 to 18 years, and 63
(80.8%) were young adults aged 19 to 35 years (mean age at operation 23.5 years). At the
time of the accident, the great majority (72 of 78; 92.3%) were children under 14 years of
age and of these, 50 (64.1% of the total) were under 10 years of age; 6 patients (7.7%) were
adolescents 15 to 18 years old (mean age at exposure 8.5 years). The mean latency (time
elapsed between exposure and surgery) was 15.1 years (range 12.5-21.6 years).

Correlation of cytology and histopathology
The correlation of pre-operative cytological interpretations and final histopathological
diagnoses in 78 UkrAm patients is shown in Table 1. Although three patients had two
nodules biopsied, the correlation presented is for the nodule that resulted in referral to
surgery. The highest PPV was for an FNA finding of definite PTC, since all 24 cases were
confirmed on histopathology (PPV=100%). Of the 11 suspect PTC, 10 were confirmed as
PTC (PPV= 90.9 %) and a single case (9.1 %) was found to be a follicular adenoma (FA).
Ten of 41 FNAs interpreted as either definite or suspect follicular neoplasm (FN) were
confirmed as malignant (PPV=24.4%): two FTCs and eight PTCs. Of the rest, 20 (48.8 %)
were diagnosed as FAs and 11 (26.8%) as nodular goiter (NG). One of two cases interpreted
as NG on FNA was histopathologically confirmed and the other was revealed to be a FA.

The only false positive FNA interpretation of PTC was a FA that exhibited fibrosclerotic
and cystic histopathological changes (Figure 1). On cytology, the follicular cells showed
nuclear enlargement, angulation, and rare small intranuclear cytoplasmic inclusions (INCIs)
(Figure 1 A). Along with nuclear clearing, these changes, although typical of a PTC, can
also be seen in a FA and were likely caused by fibrous-sclerosing changes and degeneration
(Figure 1 B, C). None of the eight FNA cases interpreted as FN that proved to be PTC on
histopathology were of the classical papillary subtype. Five (62.5%) were of the follicular
and one each was of the solid, solid-follicular, and papillary-follicular-solid variants. For the
follicular and mixed subtypes, the most common reason for discrepancy was the prominence
in the FNA of a micro-follicular pattern of cellular proliferation usually without oval nuclear
shapes, powdery chromatin, INCIs, prominent nuclear grooves, or psammoma bodies typical
of PTC. Upon retrospective review, two of these cytological specimens were found to have
had rare foci in which the nuclei had powdery chromatin and a third case had rare equivocal
INCIs (Figure 2). In one FNA, the nuclear chromatin was indistinct, making the type of
tumor difficult to determine (Figure 2 A). Upon histopathologic evaluation, the tumor was
largely necrotic (Figure 2 B), but after thorough histopathologic evaluation of the peripheral
viable areas it became possible to diagnose the nodule as PTC- follicular variant (Figure 2
B, C). Histopathologically, three papillary cancers, all of follicular subtype, had focal
nuclear features typical of PTC (Figure 3) and in one case the histology showed that some
areas of the tumor had coarse, compact nuclear chromatin. The FNA cytology of the single
case of PTC-solid variant exhibited large, round or oval nuclei, a few of which demonstrated
powdery chromatin and others denser chromatin, but none showed INCIs. A similar mixture
of nuclear features was present in the histopathology, which could explain the discordance
between the cytological and histological diagnoses.

Nine cases cytologically interpreted as FN were histopathologically non-neoplastic and
included 8 NGs and 1 fibrotic-degenerative nodule. In three cases, the FNA cytology was
predominantly microfollicular in appearance (Figure 4), with one demonstrating prominent
Hurthle cell features; all corresponding histopathologic diagnoses were adenomatous
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multinodular goiter (MNG) with microfollicular-solid structure and one also had prominent
Hurthle cell hyperplasia. In five others, the FNA cytology also exhibited a predominantly
microfollicular architecture, but pathologic analysis showed that such patterns were only
focal in the resected nodules (Figure 5), and final pathology diagnosis was NG in all (one
MNG). One case of FN by cytology was diagnosed pathologically as a non-neoplastic
fibrotic-degenerative nodule. Despite the discordant classification, we believe that the
degenerative cytomorphological changes in the tissue may have obscured the features of a
FN.

Two of four cases that were suspect for FN on cytology were confirmed as FA by
histopathology, while the other two proved to be NG. The discrepancy is not unexpected,
largely due to overlapping cytological features between FN and NG such as microfollicular
and focal Hurthle cell proliferation.

Accuracy of FNA for diagnosing thyroid cancer
The overall sensitivity, specificity, PPV and NPV of FNA cytology for a histopathological
diagnosis of thyroid cancer are presented in Table 2. Depending on whether a cytological
interpretation of FN was considered a “positive” or “negative” finding, the sensitivity was
100% or 77.3%, respectively; similarly, the specificity was 17.6% or 97.1 %, PPV 61.1% or
97.1% and NPV 100% or 76.7%.

DISCUSSION
In this cohort exposed to 131I as a result of the Chornobyl accident, we have found a very
high PPV (97.1%) for malignancy when the cytological interpretation was definite or
suspect PTC and a lower, but substantial, one (24.4%) when cytology was definite or
suspect FN. The major strengths of our study are screening of the entire cohort according to
a standardized protocol irrespective of 131I dose; referral to FNA and surgery according to
strictly defined criteria; a high rate of compliance with FNA (98.0%) and surgery (96.5%); a
low rate of inadequate cytological specimens (0.7%); and independent review of
histopathological specimens by an international panel of experts. All these characteristics
make our series unique in terms of interpreting FNA accuracy relative to histopathology.
The major limitation of our study is the relatively small number of cases as the present
analysis is restricted to patients operated upon as a result of only the first cycle of screening.
It should also be noted that we could determine if cellular atypia was a consequence of 131I
exposure, since cytological interpretations were performed without regard to dose.

Other studies of radiation-exposed individuals have recorded a high frequency of inadequate
specimens (18) and a large number of small cancers that have escaped cytological diagnosis
(19,20). Therefore, our protocol specified biopsy of up to three sonographically suspicious
nodules as small as 5 mm, immediate assessment of cytological material, and recall visits for
those with inadequate specimens (26). In our previously published series of 45 cancers, 10
(23.3%) were less than or equal to10 mm in greatest dimension and only two (5%) were first
detected at final pathologic analysis (10). By way of comparison, among a group of
externally exposed children, 50% of the cancers were less than 10 mm in size and in more
than half of the cases the malignant nodule was not the one that was biopsied (19).

Our results are similar to those obtained from a general population (13-16,30,31), where
FNA cytology has a predictive value approaching 99% for malignancy (13-14) and from 15
to 30% for FN (11,12,32-34). However, they contrast with those from patients treated
externally with between 25 and 40 Gy (17) or internally with therapeutic doses of 131I
(21,22), which typically delivers up to 100 Gy to the thyroid (35). In these cases, severe
nuclear and cytoplasmic changes can result in an erroneous cytological conclusion of

Bozhok et al. Page 6

Cancer. Author manuscript; available in PMC 2010 July 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



malignancy and lower the predictive value of FNA. We did not observe these cytological
alterations in our cohort, which was exposed to an arithmetic mean dose of only 0.79 Gy
(36).

Very little has been published concerning thyroid cytology in those exposed to Chornobyl
fallout as children (23-25). Thyroid cancer, all of the papillary type was found in 2.3% and
FN in 6.4% of successful aspirates from a population screened by ultrasound, and the largest
cause of nodularity was non-neoplastic, mainly chronic thyroiditis and cysts (23). Another
study of the cytological features in 20 cases of pathologically confirmed PTC concluded that
the main diagnostic FNA findings were similar to those in unexposed adult cases, with the
exception of more prominent nuclear atypia, which correlated with solid proliferation on
histology, and a high prevalence of psammoma bodies on FNAs from the exposed children
(24). Although we are unable to confirm a high prevalence of nuclear atypia and psammoma
bodies in our PTCs, it should be noted that our subjects were older at surgery (mean 23.5
years compared to 12 years in the earlier study) and had cancers of longer latency (15.1
years compared to 7.9 years). Since long-latency cancers are potentially more differentiated
than those of short latency (9,10), a direct comparison of our results with those of the
previous study may not be justified.

In our cohort, the PPV for a cytological interpretation of PTC or suspect PTC was 97.1%
and for one of definite or suspect FN was 24.4%, similar to what has been reported in
unexposed populations (11-14). It is also worth noting that sensitivity, specificity, PPV, and
NPV varied depending on how a cytological conclusion FN was classified. When we
considered FN as a “positive” finding, the overall sensitivity was high (100%) and
specificity low (17.6 %), largely due to the absence of false negative results. When FN was
regarded as “negative” finding, the sensitivity decreased to 77.3% and specificity increased
to 97.1 %. These differences demonstrate that specificity is more affected than sensitivity by
how FN is treated and emphasize that in our cohort histopathologically confirmed cancer
cases were found less often than non-cancer cases when the cytological conclusion was FN.

Among those exposed to the Chornobyl accident as children and adolescents and evaluated
between 1998 and 2000, the sensitivity, specificity, and predictive value of FNA for
diagnosing malignancy are similar to that seen in unexposed subjects. Although a
cytological conclusion of FN is often incorrect, it is also comparable to that found in a
general population. We conclude that exposure to 131I at doses received by our study group
has not lowered the accuracy of thyroid cytology for either malignancy or FN in nodules
detected 12 to 14 years later.
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Figure 1.
FNA of a thyroid nodule classified as “suspect PTC” based on nuclear enlargement,
angulation, and grooves, powdery chromatin, and intranuclear cytoplasmic inclusions
(INCI) (A). Histopathologically it was a follicular adenoma with fibrous-sclerosing changes
(B) and focal nuclear clearing (C). (A – Giemsa × 40; B – H&E × 10; C – H&E × 40 ).

Bozhok et al. Page 10

Cancer. Author manuscript; available in PMC 2010 July 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Indistinct nuclear chromatin in FNA (A) and tissue (B) from a necrotic PTC- follicular
variant (C).(A–Giemsa × 40; B - H&E × 40; C - H&E × 10 ).
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Figure 3.
Microfollicles in a case of PTC classified on FNA as FN (A). The clear nuclei were seen
only focally at histopathology (B). (A – Giemsa × 40; B - H&E × 10).
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Figure 4.
FNA with microfollicular structures interpreted cytologically as “follicular neoplasm” (A)
and histopathologically as multinodular goiter with adenomatous hyperplasia, mixed
microfollicular-solid structure (B). (A – Giemsa × 40; B – H&E × 4 ).
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Figure 5.
Microfollicular structures interpreted as “follicular neoplasm” by cytology (A, B) and as
nodular goiter on histopathology due to focal distribution of microfollicles (C). (A – Giemsa
× 10; B- Giemsa × 40; C – H&E × 10).
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Table 2

Overall sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of FNA
for a histopathological diagnosis of thyroid cancer according to two treatments for a cytological interpretation
of follicular neoplasm*. Ukrainian-American Cohort Study of Thyroid Cancer and Other Thyroid Diseases
(1998-2000).

Cytological interpretation

PTC+Suspect
PTC+FN¶ PTC+Suspect PTC†

Sensitivity 100% (44/44)** 77.3% (34/44)

Specificity 17.6% (6/34) 97.1% (33/34)

PPV 61.1% (44/72) 97.1% (34/35)

NPV 100% (6/6) 76.7% (33/43)

Sensitivity TP/ (TP + FN)

Specificity TN/ (TN+ FP)

PPV TP/ (TP+FP)

NPV TN/ (TN+FN)

*
Histopathology is considered positive if diagnosis is PTC or FTC, otherwise it is considered negative.

¶
Cytology is considered positive if FNA interpretation is PTC, suspect PTC, or FN, otherwise it is considered negative

†
Cytology is considered positive if FNA interpretation is PTC or suspect PTC, otherwise it is considered negative.

**
From Table 1
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