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CYTOKINE INFLAMMATORY SCORE PREDICTS PREGNANCY OUTCOME IN WOMEN
WITH MIDTRIMESTER SHORT CERVIX

DANIEL KIEFER, MD', SEAN KEELER, MD?, MORGAN PELTIER, PhD3, JOLENE MUSCAT, MD', ORION RUST, MD4, NAZEEH HANNA, MD3, ANTHONY VINTZILEOS, MD3
1Stony Brook-Winthrop University Hospitals, Long Island, New York; “Naval Medical Center Portsmouth, Portsmouth, Virginia; SWinthrop University Hospital, Miineola, New York; “Lehigh Valley Health Network, Allentown, Pennsylvania

A b St ra Ct . aac’fﬁ Jre%n: ;I:ﬁeaggvgy?gglglesigcvg?es: used to determine which cytokines should be R e S u Its

8
OBJECTIVE: * The AF cytokine score was determined for each patient.  Forty-four patients met eligibility criteria. 7
We propose a novel amniotic fluid (AF) cytokine score based on a comprehensive cytokine * The distribution of the score, its relationship to other clinical characteristics, and its » Univariate analysis showed 13 of the 25 cytokines were below the level of detection for 5
analysis of patients with mid-trimester short cervix. ability to predict perinatal outcome were then examined. the assay in at least 25% of patients (Table 1). However, in some patients, levels of these g s Figure 1. Distribution of AF Cytokine
STUDY DESIGN: e A P value <0.05 was required for statistical significance, with utilization of the cytokines were comparatively high. Therefore, patients were assigned 1 point for each of = Inflammatory Score
AF was collected from singleton gestations (n=44) with a cervical length of <25mm at 16-24 Bonferroni correction where appropriate to control for simultaneous examination of 25 these 13 cytokines if their level was >2x the lower limit of detection. i
weeks gestation and assayed for 25 cytokines simultaneously using the Bio-Plex™ system. cytokines. » There were seven cytokines (IL-6, IL-8, G-CSF, Interferon-y, MCP-1, MIP-1B, or RANTES) ; ] I I_I
e : . s : . : : _ , IL-8, : _ , , Ml , NTE .
US;‘:?(iqiaetg :r?g rergé?gfi’l,%"o?n daelﬁsgs IdTehnetIgiesc’:r\ill\:,)rcll’cci;gnn:)?‘qchr?etci)rrl?l;Vrﬁ:ﬁa?gtecgggrlen (S:I‘ijr?iitaalnt'al that were detected in almost all patients, and levels in the upper quartile were predictive Siiin 110 Il il
qh Elnie [ 4 dol y- J ry ’ of delivery (both within 28 days of amniocentesis and prior to 34 weeks’ gestation). 1 23 45 67 8 91011121314 15 16 17 18 19 20 21
& agacterlsstlcs, and delivery outcome are reportea. Table 1. Univariate Analysis Patients were assigned 1 point for each of these cytokines in the upper quartile. Inflammatory Score
RESULTS: * There were five c ' '
o .. - ; . : ytokines (IL-1ra, IL-7, IL-9, IP-10, PDGF-bb) that were detected in
gg’:}lear:’lcgt\?vgrneagyssslisgIr?eecrllFllflsgigtsfgyzoalg?\e; irllaeg\évig/e’cglgﬁg;eiﬂ?\%ilrnlg\tellesvsgszfz/oticr)rtepsa:cuheent& Odds (99.8% ClI) Ratio to Predict almost all patients, but were not predictive of delivery. No points were assigned for these
: : . cytokines.
level of detection. Levels of IL-6, IL-8, G-CSF, Interferon-y, MCP-1, MIP-1(3, or RANTES in the : Lower limit of % of samples : . : _
il icti f deli Pati o | [1? h of th Cytokine Median detection below level of Dcvery Within 28 Delivery before 34 * Therefore, the AF cytokine score could range from 0-20. The Inflammatory Score was 20
upper quartile were predictive of delivery. Patients were assigned 1 point for each of these yt (pg/mi) days weeks ! L iy _ ! .
cytokines in the upper quartile. 5 cytokines were detected in almost all patients, but were not PS (Pg/ml) detection bimodally distributed as shown in Figure 1. Sixteen patients had a score <10 and 18 had -
ggic;liec:g/r?ggg Cifcl)ir\;e(r)%z-{)haer?de \\;Vvae;ebri\rcr)]to i Sgllll;ldoleigtirri]btl?tee én{lL?&rpea‘lt)orgai?e%rtes. \-/rv?t?\ igféi?rrgit%y Cytokines with >25% undetected; 1 point given for each cytokine if level was >2 times the lower limit of detection . Zr?(;:frl:ri-lrr(\)azltory score >10 had: o 14
(h=18) had a shorter cervical length an(c):l delivered signifig:antly earlier (Tab(!e 2, P<O.901 for IL-1p 0.9 0.8 47.7 21.60 (1.81 - 258.13) | 40.00 (2.65 - 604.53) - 77% sensitivity, 100% specificity, 100% PPV, 81% NPV for delivery <32 weeks. Figure 2. Correlation of AF Cytokine ‘zéjs
each, Wilcoxon). A score 210 had a 77% sensitivity, 100% specificity, 100%PPV, 81%NPV for Lo » > 7 5.67 (0.73 - 43.99) 5.00 (0.75 - 48.15) - 81% sensitivity, 96% specificity, 94% PPV, 85% NPV for delivery <28 weeks Score with Cervical Length g
delivery <32 weeks. . : : :
* The Inflammatory score was inversely related to cervical length (Figure 2) (-0.590, 5 6
CONCLUSION: IL-4 0.5 0.5 52.3 6.33 (0.72 - 55.96) 7.80 (0.76 - 79.72) P<0.0001, Spearman) E,
AhcytOktineb inflarr(;r_n?_tory s;:cz{re IS f{e?_’fed :cl_ﬁ_delivery outco_r(;\_e & ﬁliniC_aI cpharact_erisl’:c)ics. (I; L-5 0.8 0.8 93.2 NE NE o All patients with Inflammatory Score >10 delivered prior to 30 weeks’ gestation (Figure 3). 2
shown to be predictive in future studies, this score may aid in choosing therapies based on 0 . . . — |
the presence or absence of inflammation. IL-10 1.1 0.9 45.5 17.00 (1.51 -191.60) | 15.20 (1.49 - 155.14) 0 0.5 Cerv;cal Length (::-::1) 2 2.5
IL-12 1.1 0.5 7.3 17.00 (1.51 - 191.60) | 15.20 (1.49 - 155.14 - - - T
( ) ( ) Table 2. Comparison of Clinical Characteristics by Score
In troduction IL-13 2.1 2.1 86.4 6.87 (0.20 - 235.51) 5.56 (0.16 - 189.69)
Low High
IL-15 6.6 4.2 27.3 12.04 (1.26 - 115.26) | 11.52 (1.25 - 106.52) :
: : : : : Variable Infl t Inflammatory Score P Value*
* Many, but not all, patients with mid-trimester short cervix (<25mm) have elevated levels of L-17 0.0 0.0 51 4 70.40 (2.05 ->999.99) | NE ;c:rr:la?o(;%ﬂ(i (>10) N=18 i 1,00 - p———
cytokines. However, most studies have only examined one or two cytokines at a time. - — - - 508 ) 0856050 = — - b i 5
otaxin 18. 14, A4 /. 87 -57.45 7.31 (0.88 - 60.5 - ctinakk 5
» We propose a novel amniotic fluid (AF) cytokine score based on a comprehensive cytokine . Demographic Characteristics S 75 -
analysis of patients with midtrimester short cervix. MIP-1a 2.4 2.1 59.1 93.50 (2.56 - >999.99)| NE Maternal Age (yrs) | 30 (16-41) 24 (16-35) 011 é
: TNF-a 3.0 3.0 68.2 35.74 (1.13 - >999.99)| NE Parity 03 0.5 (0-2) 003 2 P<0.0001 Figure 3. Kaplan-Meier Pregnancy
M I M h VEGF 4.7 0.5 27.3 213 (0.29 - 15.74) 246 (0.32 - 19.09) , 5 Survival Curve by Inflammatory Score
a er ' a S a n e O S Gestational Age at | 20 (17-24) 21.5 (18-24) 0.08 S 0.25
Stud h Cytokines levels in upper quartaile were predictive of delivery; 1 point given for each cytokinein upper quartile Admission (weeks) -
e Study cohort:
~ Singleton pregnancies IL-6 515.9 1.1 4.6 26.92 (1.76 - 411.03) | 21.33 (1.78 - 255.52) Clinical Characteristics** - . . 3l0 . . |
_ _(I?rzflt:\’:iaogr;ﬁlalagg r;ll i(i-:léll ev;zzl:s; - L-8 576.7 0.5 6.8 17.00 (1.51 - 191.60) | 15.20 (1.49 155.14-) Cervical Length 16 (0-25) 0 (0-55) <0.0001 Gestational Age (weeks)
) _ _ = _ G-CSF 308.4 1.1 4.6 26.92 (1.76 - 411.03) | 21.33 (1.78 - 255.52) (mm)
- Patients who received no surgical or hormonal treatment for short cervix
- No known fetal chromosomal or structural abnormality, vaginal bleeding, or ruptured INF-y 86.6 19.3 2.3 9.00(1.04-78.10) | 9.71(1.06 - 89.07) AF Glucose 41 (22-63) 25.8 (1-40) 0.003 C onc I US i ONS
rF?ae’cr're‘I:’:ismensderwent amniocentesis with an aliguot frozen for cytokine analysis i il i - BN TAT) DOER RS AP WIBE Count 22 (0-400) 50 (5-1400 006
- | u | IS Wi iqu Z ytoki ySIS. " : N : . . . .
Amniotic fluid (AF) samples were simultaneously analyzed for 25 inflammatory Bl S0k 3 48 USed T {27 = agag) | 21438 {116 = 256.92] Pregnancy Outcome*** ’ ﬁglie\l,rgrr;lgt&gcfg#]clecytoklne inflammatory score is related to clinical characteristics &
mediators using the Bio-Plex™ array system (Bio-Rad Laboratories, Hercules, CA). RANTES 50.2 10 5 3 1700 (151 - 191.60) | 20(1.49 - 155.14 , '
See Table 1 for a listing of the cytokines utilized in our analysis. ( ) ( ) Delivery Interval 116 (92-129) 4 (2-14) <0.0001 * If shown to be predictive in future studies, this score may aid in choosing therapies based
Cytokines detected in most patients, but were not predictive of delivery; No points were given for these cytokines (days) on the degree of inflammation.
Sta tiSticaI Anal SiS IL-1ra 5414.3 1.4 4.6 3.71(0.517 - 26.69) | 6.00 (0.75 - 48.15) pPROMN (%) 4 (15.4%) 10 (55.6%) 0.007
y IL-7 3.9 0.5 13.6 2.92 (0.325 - 26.25) | 2.27 (0.26 - 20.17) Gestational Age at
* For each cytokine, univariate analysis was used to examine the distribution, define the IL-9 17 1 0.7 16 3.71 (0.52 - 26.69) 6.00 (0.748 - 48.15) Delivery (weeks) 38 (34-39) 23 (21-25) <0.0001
upper quartile, and determine the proportion of samples which had cytokine levels below o _ _, . - T —— —
the level of detection for the assay. IL-10 26147.2 6.5 4.6 0.89 (0.10 - 7.670) 1.129 (0.130 - 9.78) . \|/)V|!ccoxon Rank—S:curdn for cog.tmu(ous dz;\ta; Fisher’s Exact for proportions L h' h V "
.y - - . - . . . dla are presentead asS meadian (range
* The ability Of CytOkm.e levels in the upper quartile tc.) predict interval to delivery (.W'thm 28 ~DGo0 oe(-S ' e 505043 - 21.50) 495 (063 - 39.12) ***Data are presented as median (interquartile range) or n(%) A PASSION FOR BETTER MEDICINE. & Ig el ey
days of amniocentesis and before 34 weeks gestation) was calculated from patients who Health Network

delivered near-term for each cytokine separately using odds ratios.
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