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[ Abstract | Objective: To systematically evaluate the diagnostic value of fine-needle
aspiration cytology (FNAC) and fine-needle aspirate calcitonin (FNA-CT) measurement
in medullary thyroid carcinoma (MTC). Methods: Relevant studies evaluating FNAC and
FNA-CT for the diagnosis of MTC were systematically searched in Chinese and English
databases from January 1, 1995 to December 31, 2024. The methodological quality of the
included studies was assessed using the QUADAS-2, and meta-analysis was performed
using Stata 16.0. The threshold effect was evaluated using the Spearman correlation test,
and heterogeneity was assessed using Cochran’s Q test and the I* statistic. A fixed-
effects or random-effects model was selected according to the degree of heterogeneity.
The pooled sensitivity, specificity, positive likelihood ratio, negative likelihood ratio,
and diagnostic odds ratio were calculated, and summary receiver operating characteristic
(SROC) curves and forest plots were generated to evaluate diagnostic performance. Mela-
regression analysis was further conducted to explore potential sources of heterogeneity.
Deeks’ funnel plot was used to assess publication bias, while Fagan nomogram and
the likelihood ratio scattergram were used to evaluate clinical utility. Results: A total of
13 studies involving 937 patients with 444 MTC lesions were finally included. The
Spearman correlation test showed no obvious threshold effect for FNAC in diagnosing
MTC, whereas a potential threshold effect was observed for FNA-CT. Heterogeneity
analysis revealed varying degrees of heterogeneity across the diagnostic performance
indicators of both FNAC and FNA-CT; therefore, random-effects models were used for
pooled analysis. For FNAC, the pooled sensitivity, specificity, positive likelihood ratio,
negative likelihood ratio, and diagnostic odds ratio were 0.56 (95%CI: 0.51-0.61),
0.98 (95%CI: 0.94-1.00), 34.25 (95%CI: 8.98-130.62), 0.45 (95%CI: 0.39-0.51), and
76.97 (95%Cl: 18.72-316.52), respectively. For FNA-CT, the corresponding values were
0.98 (95%CI: 0.94-0.99), 0.97 (95%CI: 0.94-0.99), 37.42 (95%CI: 16.91-82.80), 0.02
(95%CI: 0.01-0.06), and 1891.55 (95%CI: 351.09—10 191.13), respectively. The SROC
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AUCs of FNAC and FNA-CT for diagnosing MTC were 0.65 and 1.00, respectively.
Meta-regression analysis suggested that the heterogeneity of FNAC might be related to
study design and detection method, whereas no significant source of heterogeneity was
identified for FNA-CT. Possible publication bias was detected for both methods. Both
Fagan nomogram analysis and likelihood ratio scattergram analysis showed that FNA-
CT had high clinical value for both confirming and excluding MTC, whereas FNAC had
good value for confirming MTC but limited value for excluding it. Conclusion: FNA-CT
demonstrates high diagnostic value for MTC, with overall diagnostic efficacy superior to
that of FNAC.

This study has been registered in the International Prospective Register of Systematic
Reviews (PROSPERO, CRD420251243288) and was conducted and reported in accordance
with the Preferred Reporting Items for a Systematic Review and Meta-analysis of Diagnostic

Test Accuracy Studies (PRISMA-DTA) 2018.

[ Key words ]  Medullary thyroid carcinoma; Diagnosis; Fine-needle aspiration cytology;

Fine-needle aspirate calcitonin; Meta-analysis
[J Zhejiang Univ (Med Sci), 2026, 55(6): 561-570.]
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Figure 2 SROC curves of FNAC and FNA-CT for diagnosing medullary thyroid

carcinoma
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Table 1 Comparison of the diagnostic performance of FNAC and FNA-CT for medullary thyroid carcinoma
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Table 2 Meta-regression analysis of the effects of study characteristics on the

sensitivity and specificity of FNAC for diagnosing medullary thyroid
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Figure 3 Publication bias assessments for FNAC and FNA-CT in diagnosing

medullary thyroid carcinoma
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BRA LR Z K T 28 A Th 5 M T BE AR U AP IE 7 30

20264F 6 H 10 H , #i VL KB 2= Be & 2 — 2 e B A6 RS AE PO L R SE00 3 T VL RS IR T 5 0T T 042 Lk
WSR2 D AN R  EARBEWFSE 51 B BATEC A 48 - 38 9E ) (Nature Cancer) TE2E /3¢ T 15 4 “Tron-mediated ferroptosis
impairs CAR-T cell function and antitumor efficacy” [} iff 53 1 3C (DOI: 10.1038/543018-026-01187-2) . 1ZM 5T ZE I IRFEAS
W RGEIE SR A PR Z A (CAR) T A0 e B R0 & B ARBE T, T8 s Qi 5 2 BRI CAR-T 4 T B R A K =t
Jrbged /A R &

CAR-T 436G Y7 5 35 2035 22 ol M YA 2 0 0 PR e J TR T, (HR o0 jR T & P RUR R A BB R 2 & . CAR-
T 4HML7E B IR N R & KA TG IR 2L R SR E AR e RIT RO M BB R R . Sk — G5, R 98 N b1 2
T2 i R A PR I B A0 IS B CAR-T IR T 5 M SR IR R R AR, 25 A s 2 il > 8 (3 JsAscnl ot =X 4
MIAR VL K Sy RUBIE 5 4 9, CAR-T 40 MO 7E i 13 )5 7T PR 4 38 JF 1 AR T BRIy Rt 55 B Bt , 763K — o P vt 3]
WERIETHFAE . H AR N T A0 1035 2k K S AT 2 3 CAR-T 4 g 2k 0 e 35 0 A g 1k S8 Ak , DA T 755 40 Bt 465145 . B RE 5
IR BT RE ) T B o ket 2 a5 AR A S A O O M i IR LI A & RS 4 (ACSL4) AHOCHR BTACI E 4,
fff CAR-T 4U MU BE 45 5 R A4 A0 T . ) 24 W 100 i 4 26 T 5k i sk CAR-T 21 il v 199 ACSL4 #4977 sk i g ot o Ak, 44
CAR-T 4 (A e A2 AR S VA PN 45 AP, DATITE E L5 ARSI AR A8 Hh B 5 Bt BB 30 o I 9% B IR FE I R AR AR Hh 3R
BEAESE CAR-T 40 M il AR R N R AERAET H 7 T AR 58 BRI CAR-T 4R Y7 4 i EZEHLH, 1k CAR-T ZE M
il 28 AR 2B S VT T 4R A L RO R R ) AR T BB TR BT AR AR AL T AR .
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