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Hepatic alveolar echinococcosis (HAE) is a rare zoonotic parasitic disease that closely resembles
malignant tumors in both behavior and appearance. It can cause infiltration of affected organs

and chronic liver damage. In advanced stages, it may metastasize or invade surrounding organs,
resembling liver cancer, and is clinically referred to as “parasitic cancer.” However, the prognosis

of HAE with pulmonary metastasis is poor, and no reliable method currently exists to predict lung
metastasis. This study aims to investigate the efficacy of a nomogram model, based on CT and MRI
imaging features in conjunction with clinical indicators, for predicting pulmonary metastasis in HAE. A
retrospective analysis was conducted using imaging and clinical data from 297 patients diagnosed with
HAE. Univariate and multivariate logistic regression analyses identified independent factors associated
with pulmonary metastasis, including lesion size, the presence of metastasis to other organs,

cavitary lesions, and enhancement characteristics. The nomogram, developed using these variables,
demonstrated strong predictive performance in both the training and validation cohorts. This model
provides an effective tool for predicting the risk of pulmonary metastasis, offering early insights into
disease progression and assisting clinicians in formulating personalized treatment and prognostic
plans.
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Echinococcosis can currently be classified into cystic echinococcosis, alveolar echinococcosis (AE), E. granulosus
sensu lato, and neotropical echinococcosis'. Among them, cystic echinococcosis and AE caused by Echinococcus
granulosus and Echinococcus multilocularis pose a particularly significant threat to public health?. Both of these
diseases are serious and critically urgent. Especially AE, without proper or timely treatment, has a high fatality
rate and poor prognosis®~. This imposes a heavy health burden on patients and causes significant economic
losses. Therefore, it is also considered one of the most dangerous human parasitic diseases®”.

AE is a rare zoonotic parasitic disease?, with foxes and dogs as the definitive hosts and rodents as the main
intermediate hosts. Although humans, cattle, sheep, and other animals are not the most suitable intermediate
hosts for Echinococcus multilocularis, they may still become infected and develop the disease through
opportunistic infections. In 98% of cases, the liver is the primary target organ involved in AE’, and due to its
exogenous budding or infiltrative proliferation, it continuously produces new vesicles that grow into tissues,
behaving and appearing similar to malignant tumors. This can cause infiltration of the affected organs and
chronic damage to liver tissue. In late stages, metastasis or invasion of surrounding organs is similar to liver
cancer, earning it the clinical nickname of “parasitic cancer.”

Hepatic alveolar echinococcosis (HAE) can metastasize to the pulmonary organs, brain, spleen, kidneys,
heart, bones, and other organs in the middle and late stages, with the pulmonary organs often being the first
and most common site!®. When HAE metastasizes to the pulmonary system, the clinical prognosis for patients
is often poor, making early diagnosis extremely important. According to the recommendations of the World
Health Organization-Informal Working Group on Echinococcosis (WHO-IWGE) expert consensus'?, radical
surgical resection is the preferred treatment for early-stage patients with entirely resectable lesions. However,
for patients who are not candidates for surgical treatment (such as those with pulmonary metastasis), long-term
anti-infective therapy with mebendazole or the now more commonly used albendazole (both benzimidazole
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compounds) can be administered. Thus, predicting whether HAE will progress to pulmonary metastasis holds
significant clinical value.

Previous studies on prediction models have primarily focused on using omics technologies to predict the
biological activity'?, brain metastasis'?, and lymph node metastasis of HAE'. In addition, some studies have
assessed the biological activity of the lesions themselves and their surrounding tissues through nomogram
models'>. Other studies have conducted prognostic prediction analyses for end-stage patients undergoing liver
resection or autologous liver transplantation!®. These studies have provided important theoretical and technical
support for the diagnosis and treatment of HAE. This study is specifically focused on the prediction of pulmonary
metastasis in HAE. A nomogram prediction model based on HAE imaging characteristics and clinical indicators
has been constructed, enabling the quantitative and intuitive analysis of the probability of pulmonary metastasis
in patients. This model helps in the early, accurate, convenient, and non-invasive identification of potential
risk factors for pulmonary metastasis, providing a basis for selecting individualized treatment plans for HAE
patients.

Materials and methods

General information

This study was approved by the Ethics Committee of the Clinical Medical College of Qinghai University
(Approval No: P-SL-2023-229). Due to the retrospective nature of the study, the requirement for informed
consent was waived by the Ethics Committee of the Clinical Medical College of Qinghai University. The study
protocol followed the principles of the Declaration of Helsinki, and all procedures complied with the national
and institutional ethical standards.

Retrospectively collected imaging features and clinical indicators of patients first diagnosed with HAE at the
Qinghai University Affiliated Hospital from 2015 to 2022. Inclusion criteria: (1) Pathologically confirmed as
HAE after surgery or meeting the diagnostic criteria in the “Expert Consensus on Imaging Diagnosis of Hepatic
Echinococcosis”’; (2) Complete clinical data of the patients; (3) All patients underwent dynamic contrast-
enhanced CT scanning of the abdominal cavity in three phases and chest CT examination. Exclusion criteria:
(1) Presence of other tumorous diseases in the liver. (2) Inability to evaluate due to severe image artifacts,
as shown in Fig. 1. Two hundred ninety-seven patients with hepatic alveolar echinococcosis were included,
comprising 138 males and 159 females, with an average age of 39.23 + 14.03 years. Using the “Random Number
Generator” in SPSS software, patients were randomly allocated to the training set and test set in a 7:3 ratio.
Subsequently, the training set data was used for model construction, and the test set data was used to verify the
model’s effectiveness.

Inclusion criteria:
(@Pathologically confirmed as HAE after surgery or meeting the diagnostic
criteria in the "Expert Consensus on Imaging Diagnosis of Hepatic
Echinococcosis"
(@The patient's clinical data is complete
®CT abdominal three-phase dynamic contrast-enhanced examinations and
chest CT scans were performed on all patients

\\(N=297)

Exclusion criteria:

@Presence of other tumorous diseases in the liver(n=0)
@Inability to evaluate due to severe image artifacts(n=0)

(e
\_(N=297)
) !
tralnlng set /m%&
(N= 207 N (N=90)

pulmonary metastasxs(n=7l ) pulmonary metastasis(n=31)
no pulmonary metastasis(n=136) no pulmonary metastasis(n=59)

Fig. 1. Flowchart of patient inclusion and exclusion criteria. HAE = hepatic alveolar echinococcosis.
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Examination methods

CT examination

All patients underwent abdominal three-phase dynamic contrast-enhanced CT scanning and chest CT plain scan
with enhancement using a 128-slice spiral CT scanner (Discovery CT 750 HD; GE Medical Systems, Milwaukee,
Wis). The abdominal scanning range extended from the rib cage to the iliac bones, with patients lying supine.
The scanning parameters were as follows: tube voltage of 80-120KV, tube current of 200 mA, slice thickness
of 5 mm, and rotation time of 0.5 s per revolution. First, a plain scan was performed, followed by a contrast-
enhanced scan. The contrast agent used was ioversol injection (350 mg L/ml), administered through the median
cubital vein at a 4-5 ml/s rate. Threshold tracking was employed for scanning, and once the threshold of 120HU
was reached, the scan was automatically triggered. With a minimum delay of 2 s after reaching the threshold, the
first phase (aortic phase) was scanned. Subsequently, after a delay of 25 s, the second phase (portal venous phase)
was scanned, followed by a delay of 40 s for the third phase (delayed phase) scan. The scanning range for the
chest encompassed the thoracic inlet to the base of the pulmonary region, with the patient positioned in a supine
layout. The scanning parameters were set as follows: a tube voltage of 120 KV, a tube current of 10 mA, a slice
thickness of 1.25 mm, and a rotation time of 0.5 s per revolution. First, a plain scan was performed, followed by
a contrast-enhanced scan. The contrast agent used was ioversol injection (350 mg L/ml), administered through
the median cubital vein at a rate of 2.0-2.6 ml/s.

MRI examination

Fifty patients did not undergo MRI examination for special reasons, while the remaining 247 underwent
abdominal MRI plain scan, DWI, and contrast-enhanced scan. MRI data was acquired using Siemens Prisma
3.0T and Philips Archieva 3.0T magnetic resonance scanners with abdominal coils. The scanning sequences
included: (1) Axial in-phase and out-of-phase TIWI: TR 5.16ms, TE 1.35ms, slice thickness 4.0 mm, FOV
284.4 mm, matrix 195x320. (2) Axial T2WI: TR 3600ms, TE 76ms, slice thickness 6 mm, FOV 284.4 mm,
matrix 182x320. (3) Axial contrast-enhanced TIWI: TR 5.19ms, TE 1.35ms, slice thickness 4.0 mm, FOV
284.4 mm, matrix 182 x320. (4) DWI sequence: TR 7000ms, TE 58ms, slice thickness 6 mm, FOV 308.8 mm,
matrix 104 x 128. First, a plain scan was performed, followed by a contrast-enhanced scan. The contrast agent
used was gadoxetic acid disodium injection, administered through the median cubital vein at a dose of 0.1 ml/kg
body weight over 12 s, followed by a flush of 20 ml of saline. Arterial phase, portal venous phase, and equilibrium
phase images were acquired with delays of 20 s, 60 s, and 3 min, respectively.

Criteria for assessing pulmonary metastasis and definitions of other imaging signs

Pulmonary metastasis is deemed to have occurred if the following two criteria are met: (1) Pathological
confirmation of pulmonary lesions following surgery. (2) A comprehensive assessment based on the following
criteria: (a) Presence of a definite primary pulmonary lesion of HAE, as illustrated in Fig. 2; (b) Positive
immunological test results for HAE, such as Enzyme-Linked Immunosorbent Assay (ELISA); (c) Pulmonary
lesions exhibiting typical CT findings (e.g., multiple soft tissue density nodules of varying sizes in the
peripheral zones of both lungs, often accompanied by cavitation and calcification), consistent with the imaging
manifestations described by Eroglu et al.'%, as depicted in Fig. 3.

Calcification signs: Punctate calcified particles can be seen within the lesion, accompanied by flocculent or
irregularly large calcified foci. Cavity signs: The larvae proliferate into large lesions, with internal coagulation and
vascular occlusion, which further lead to localized ischemic necrosis and liquefaction into irregular gelatinous
substances, sometimes presenting crab claw-like liquefied cavities!®. Marginal zone: The lesion has an unclear
margin, showing infiltrative growth, rich in neovascularization and inflammatory cells; DWT shows a high signal
area, and dynamic enhancement shows mild enhancement. Microvesicles: Small honeycomb or cystic structures
are present within and at the edge of the lesion, showing high signal intensity on both T2WI and MRCP. Bile
duct invasion: Hepatic bile ducts are infiltrated by lesions or have unclear boundaries with lesions, dilation, or
bile duct obstruction®. Vascular invasion: Defined as morphologically recognizable vascular lumen infiltration,
no contrast agent filling after vascular occlusion, or associated thrombosis?!.

Image analysis and clinical data

Two radiologists with ten years of diagnostic experience independently analyzed the abdominal and chest CT
scans. In the event of any disagreement between the two radiologists regarding the interpretation of pulmonary
metastasis on the chest CT, a chief physician with over 30 years of experience in imaging diagnosis made the final
determination. The collected imaging features encompass the number, size, and type of lesions, PNM stages,
extent of hepatic involvement, as well as the presence or absence of calcification signs, cavity signs, enhancement,
marginal zone, microvesicles, bile duct dilation, bile duct invasion, hepatic gate invasion, hepatic vein invasion,
inferior vena cava invasion, hepatic artery invasion, portal vein invasion, and other organ metastases. In multiple
lesions, the lesion size refers to the maximum diameter of the most significant lesion. The intraclass correlation
coeflicient(ICC) was used to evaluate the consistency of measurements between the two doctors. An ICC greater
than 0.75 indicated good consistency, and the average measurement value of the two doctors was then taken for
further analysis. In addition, the clinical characteristics of the patients were collected, including sex, age, ethnic
group, exposure history to cattle and sheep, HBV five markers, treatment methods, and complications.

Establishment and evaluation of prediction models

In this study, a nomogram model was constructed using the training dataset. Univariate and multivariate logistic
regression analyses were employed to screen imaging and clinical indicators for predicting HAE pulmonary
metastasis, and the resulting independent predictors were used to build the nomogram model. The model’s
predictive ability was evaluated using the receiver operating characteristic (ROC) curve, and the area under the
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Fig. 2. Imaging manifestations of HAE, (A): the non-contrast CT scan shows a lesion in the liver’s S6 segment
with mixed density and unclear borders. (B): During the arterial phase of contrast-enhanced CT, the lesion

in liver segment S6 appears non-enhancing, with mild enhancement of the surrounding liver parenchyma,
resulting in better delineation of the lesion borders. (C) During the venous phase of contrast-enhanced CT,
the lesion in liver segment S6 shows no significant enhancement, while there is marked enhancement of the
surrounding liver parenchyma, leading to a clear delineation of the lesion borders. (D) T2WI shows a liver
lesion in segment 6 with a mixed high and low signal intensity, with clear borders. (E): Contrast-enhanced
T1WI shows no noticeable enhancement in the liver lesion of segment 6, with an enhanced rim at the edge.
(F): DWI shows a liver lesion in segment 6 with mixed high and low signal intensity and a rim of high signal
intensity at the edge.

Fig. 3. Imaging Manifestations of pulmonary metastases in HAE, (A-F): The lung and soft tissue windows
show multiple nodular soft tissue density lesions with varying sizes located outside both lungs, with some
showing calcifications and cavitation features.
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curve (AUC), as well as sensitivity and specificity, were calculated based on the maximum value of the Youden
index. Simultaneously, calibration curves (CRC) were employed to evaluate the model’s goodness of fit, ensuring
its stable and reliable performance in the test set. In addition, to more comprehensively evaluate the clinical value
of the prediction model, we introduced decision curve analysis (DCA) to quantify the net benefit to patients
across different threshold probabilities. This approach was used to assess the clinical utility of the prediction
model and select the optimal model.

Statistical analysis

Statistical analysis was performed using RStudio 4.3.2, Medcalc 20.022, and SPSS 25. In SPSS 25, the Shapiro-
Wilk test was first used to check the normality of continuously distributed data. Those conforming to the
normal distribution were expressed as Mean + SDs, and independent sample t-tests were used to compare the
two groups. Categorical variables are expressed in frequencies, and comparisons between the two groups are
made using the chi-square test. Univariate analysis was performed using independent sample t-tests or chi-
square tests, and influencing factors with p <0.05 were selected for inclusion in multivariate logistic regression
analysis. ROC curves were drawn using Medcalc. The nomogram and calibration curves were plotted using the
rms package in R, while decision curves were created with the rmda package. A p-value of less than 0.05 was
considered statistically significant.

Results

Clinical data

Among 297 patients with HAE, 207 cases were included in the training set (38 of whom underwent only CT
examination, while the remainder underwent CT and MRI examination). These comprised 96 males and 111
females, with a mean age of 38.84+13.93 years. Within this group, 136 cases did not experience pulmonary
metastasis, while 71 did. The test set included 90 cases (14 of whom underwent only CT examination, while the
remainder underwent both CT and MRI examination), consisting of 42 males and 48 females, with a mean age
of 40.13 +14.29 years. Among these, 59 cases did not have pulmonary metastasis, while 31 did. There were no
statistically significant differences in imaging and clinical indicators between the training and test sets (p>0.05).
Details are shown in Table 1.

Evaluation of consistency among feature groups

Consistency was assessed using the ICC. The ICC values for the imaging features extracted by two radiologists
ranged from 0.83 to 0.98. Since ICC>0.75 indicates good consistency, the average measurements from the two
radiologists were taken for further analysis.

Development of prediction models and nomograms

The model was constructed using the training set data. Firstly, a univariate analysis was performed on the
training set. It was found that there were statistically significant differences in age, size, extent of hepatic
involvement, treatment methods, cavity signs, as well as whether there was enhancement, hepatic gate invasion,
bile duct dilation, exposure history to cattle and sheep, and other organ metastases (all p<0.05). Details
are shown in Table 2. After incorporating these factors into multivariate Logistic regression analysis, it was
found that lesion size, other organ metastases, cavity signs, and enhancement were independent predictors of
pulmonary metastasis in patients with HAE (all with p <0.05). Details are provided in Fig. 4. Based on these
four independent predictors, a prediction model for pulmonary metastasis in HAE was constructed, and a
nomogram was drawn using the R language. In the nomogram, the green lines represent the 95% confidence
intervals for each predictor. Please refer to Fig. 5 for details.

Effectiveness and validation of the nomogram prediction model

In the training set, the AUC value for predicting pulmonary metastasis in HAE was maximized at a cutoff value
of 0.5498, resulting in an AUC of 0.841 (95% CI: 0.785-0.897), with a sensitivity of 70.42% and a specificity of
84.56%. In the test set, the AUC value for predicting pulmonary metastasis in HAE was maximized at a cutoff
value of 0.6490, resulting in an AUC of 0.835 (95% CI: 0.745-0.924), with a sensitivity of 90.32% and a specificity
of 74.58%. Please refer to Fig. 6 for details. The prediction performance of the model was validated using CRC.
The CRC for the training set showed a mean absolute error of 0.036, while the CRC for the test set showed
a mean absolute error of 0.042. This indicates good agreement between the model’s predictions and actual
clinical outcomes. Please refer to Fig. 7 for details. The clinical application value of the model was validated
through DCA. The results showed that using the model to predict pulmonary metastasis in HAE would yield
more excellent clinical benefits within a specific range, demonstrating that this prediction model has significant
clinical application value. Please refer to Fig. 8 for details.

Discussion

AE has a long incubation period, low incidence rate, diagnostic difficulties, malignant tumor growth
characteristics, and poor clinical prognosis after metastasis. Without timely treatment, 90% of patients will die
within 10-15 years after infection’. Treatment choice frequently varies depending on the presence or absence
of metastasis!"*»?3, with the pulmonary system often being the first and most common site of metastasis in AE.
Therefore, identifying the factors that predict pulmonary metastasis in HAE is crucial for selecting appropriate
treatment options and predicting clinical prognosis for patients. Through in-depth analysis of clinical indicators,
CT, and MRI imaging signs of HAE, this study found that lesion size, other organ metastases, cavity signs, and
enhancement are independent predictors of pulmonary metastasis in HAE. The nomogram model constructed
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Factors Training (207) | Test (90) Statistical values | p-values
Sex/case (%) 0.0022 0.963
Male 96(46.4) 42(46.7)
Female 111(53.6) 48(53.3)
Age/Y 38.84+13.93 40.13+14.29 | 0.732% 0.465
Ethnic group/case (%) 1.453% 0.228
Tibet 181(87.4) 83(92.2)
Other 26(12.6) 7(7.8)
Marginal zone /case (%)* 2.886* 0.089
No 39(46.4) 10(29.4)
Yes 45(53.6) 24(70.6)
Microvesicles/case (%)* 1.1382 0.286
No 51(60.7) 17(50.0)
Yes 33(39.3) 17(50.0)
Number of lesions/case (%) 0.617* 0.432
One 143(69.1) 58(64.4)
Two or more 64(30.9) 32(35.6)
Lesion size/case (%) 0.809* 0.667
<5cm 20(9.7) 11(12.2)
5~10 cm 66(31.9) 31(34.4)
>10 cm 121(58.5) 48(53.3)
Lesion type/case (%) 1.4572 0.483
Parenchymal type 87(42.0) 37(41.1)
Liquefied type 45(21.7) 25(27.8)
Mixed type 75(36.3) 28(31.1)
Calcification signs/case (%) 0.249* 0.618
No 32(15.5) 16(17.8)
Yes 175(84.5) 74(82.2)
Cavity signs /case (%) 0.614° 0.433
No 91(44.0) 44(48.9)
Yes 116(56.0) 46(51.1)
PNM stages/case (%) 0.119* 0.73
P1,P2 108(52.2) 45(50.0)
P3, P4 99(47.8) 45(50.0)
Extent of hepatic involvement/case (%) 0.295* 0.587
Limited to half liver 101(48.8) 47(52.2)
Not limited to half liver 106(51.2) 43(47.8)
Hepatic gate invasion/case (%) 0.587% 0.444
No 105(50.7) 50(55.6)
Yes 102(49.3) 40(44.4)
Enhancement status /case (%) 0.544* 0.461
No 110(53.1) 52(57.8)
Yes 97(46.9) 38(42.2)
Bile duct dilation /case (%) 1.030* 0.31
No 128(61.8) 50(55.6)
Yes 79(38.2) 40(44.4)
Bile duct invasion/case (%) 0.040* 0.842
No 145(70.0) 62(68.9)
Yes 62(30.0) 28(31.1)
Hepatic vein invasion/case (%) 0.804* 0.37
No 76(36.7) 38(42.2)
Yes 131(63.3) 53(57.8)
Inferior vena cava invasion/case (%) 1.099% 0.294
No 108(52.2) 41(45.6)
Yes 99(47.8) 49(54.4)
Hepatic artery invasion/case (%) 0.034* 0.854
No 108(52.2) 48(53.3)

Continued
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Factors Training (207) | Test (90) Statistical values | p-values
Yes 99(47.8) 42(46.7)

Portal vein invasion/case (%) 0.023* 0.878
No 58(28.0) 26(28.9)

Yes 149(72.0) 64(71.1)

Exposure history to cattle and sheep /case (%) 0.409* 0.522
No 35(16.9) 18(20.0)

Yes 172(83.1) 72(80.0)

HBYV five markers /case (%) 0.065* 0.799
Negative 75(36.2) 34(37.8)

Positive 132(63.8) 56(62.2)

Treatment methods/case (%) 0.002* 0.963
Expectant treatment 119(57.5) 52(57.8)

Non-conservative treatment 88(42.5) 38(42.2)

Complications/case (%) 0.656* 0.199
No 200(96.6) 86(95.6)

Yes 7(3.4) 4(4.4)

Other organ metastases /case (%) 1.135% 0.287
No 180(87.0) 74(82.2)

Yes 27(13.0) 16(17.8)

Table 1. Comparison of imaging features and clinical indicators between training set and validation set

in patients with hepatic alveolar echinococcosis. *Indicates the chi-square test; “indicates the independent
samples T-test. *Indicates that only 52 patients with pulmonary metastasis who underwent MRI examination
were selected and compared with 46 randomly selected patients without pulmonary metastasis for analysis.

based on the predictors above demonstrates excellent predictive performance, high agreement between predicted
and actual values, and good clinical application value.

There is significant variability in the size of HAE lesions, ranging from sub-millimeter to 3 centimeters'®*,
and this diversity has been observed in multiple studies. A multicenter study?® has revealed an intriguing
phenomenon: compared to the relatively more minor lesions observed in European regions (specifically, with
an average size of 70.4+32.3 mm in Besan¢on and 71.4 +46.4 mm in Ulm), the lesions in Xining and Urumqj,
China, are notably larger, measuring 108.0+53.0 mm and 132.7 £46.0 mm, respectively. Researchers speculate
that this difference may be because most Chinese patients reside in remote rural areas with relatively limited
economic conditions. Therefore, they often seek medical help only after symptoms appear, usually at a later stage
of the disease, allowing the lesions more time to grow and spread. Our study further found that lesion size is
an independent predictor of pulmonary metastasis in HAE, which echoes recent research findings by Graeter
et al.°. They conducted an in-depth study on the evolution of HAE lesions and staged them. They observed
that when the lesion volume increases, it usually indicates that the disease has progressed to the “progressive
stage” or “advanced stage,” during which the lesion activity is significantly enhanced, making it more prone to
deterioration and leading to metastasis. This observation has also been further validated in multiple research
centers in their studies?®?!. Meanwhile, Kodama et al.?® also noted the relationship between lesion size and
disease activity in their typing study of HAE lesions. They found that type 2 and type 3 lesions had the most
significant volumes, especially type 3 lesions, which exhibited the most significant activity. This finding further
supports our research results, which indicate that lesion size is an independent risk factor for HAE metastasis.
Collectively, these studies provide us with deeper insights that aid in better understanding and predicting the
risk of metastasis in HAE.

The liver is the most common site of involvement in human HAE, accounting for 70% of all cases. It can also
disseminate through the bloodstream to various organs throughout the body*?”®. Among them, pulmonary
involvement constitutes 20-30% of cases. Less common sites of involvement include the spleen, kidneys, heart,
bones, central nervous system, and other organs!'®. Pulmonary alveolar echinococcosis is typically caused by
the hematogenous spread of HAE to the pulmonary region, accounting for approximately 0.3% of all cases of
systemic echinococcosis. In rare instances, it can arise from direct inhalation of the infectious agent through the
respiratory tract or from direct invasion of liver lesions. Graeter et al.>! conducted an in-depth comparative study
of lesions in China and Europe and found that lesions in China are more prone to metastasis. It is speculated
that this may be because Chinese cases are often already in the later stages of the disease at the time of diagnosis.
These findings reveal the close correlation between distant extrahepatic metastasis and disease progression.
Our study further found that patients with metastasis to other organs often have pulmonary metastasis, and
it is the strongest independent predictor of pulmonary metastasis. Given the precedence and commonality of
pulmonary metastasis in HAE, the author believes that when a patient presents with metastasis to other organs,
pulmonary metastasis often already exists. At this point, radical surgical resection becomes no longer feasible,
which is currently recognized as the only potentially curative treatment option?*-*!. Therefore, timely prediction
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Training set

Factors No pul tastasis (136) | Pul ry metastasis (71) | Statistical values | p-values
Sex/case (%) 0.370* 0.543
Male 61(44.9) 35(49.3)

Famale 75(55.1) 36(50.7)
AgelY 36.90+14.11 42.55+12.88 2.817° 0.005
Ethnic group/ case (%) 0.001° 0.971
Tibet 119(87.5) 62(87.3)

Other 17(12.5) 9(12.7)
Marginal zone /case (%)* 0.025* 0.875
No 21(45.7) 18(47.4)

Yes 25(54.3) 20(52.6)
Microvesicles/case (%)* 3.109* 0.078
No 24(52.2) 27(71.1)

Yes 22(47.8) 11(28.9)
Number of lesions/case (%) 1.645% 0.2
One 98(72.1) 45(63.4)

Two or more 38(27.9) 26(36.6
Lesion size/case (%) 11.8612 0.003
<5cm 15(11.0) 5(7.0)

5~10cm 53(39.0) 13(18.3)

>10 cm 68(50.0) 53(74.6)
Lesion type/case (%) 1.300° 0.522
Parenchymal type 55(40.4) 32(45.1)

Liquefied type 28(20.6) 17(23.9)

Mixed type 53(39.0) 22(31.0)
Calcification signs/case (%) 2.5933 0.107
No 25(18.4) 7(9.9)

Yes 111(81.6) 64(90.1)
Cavity signs /case (%) 12.0912 0.001
No 48(35.3) 43(60.6)

Yes 88(64.7) 28(39.4
PNM stages/case (%) 2.185% 0.139
P1, P2 76(55.9) 32(45.1)

P3, P4 60(44.1) 39(54.9)
Extent of hepatic involvement/case (%) 5.011* 0.025
Limited to half liver 74(54.4) 27(38.0

Not limited to half liver 62(45.6) 44(62.0
Hepatic gate invasion/case (%) 14.527* <0.001
No 82(60.3) 23(32.4)

Yes 54(39.7) 48(67.6
Enhancement status /case (%) 9.081* 0.003
No 62(45.6) 48(67.6

Yes 74(54.4) 23(324
Bile duct dilation /case (%) 12.8712 <0.001
No 96(70.6) 32(45.1)

Yes 40(29.4) 39(54.9)
Bile duct invasion/case (%) 2.290* 0.13
No 100(73.5) 45(63.4)

Yes 36(26.5) 26(36.6
Hepatic vein invasion/case (%) 0.000* 0.984
No 50(36.8) 26(36.6

Yes 86(63.2) 45(63.4)
Inferior vena cava invasion/case (%) 0.000* 0.99
No 71(52.2) 37(52.1)

Yes 65(47.8) 34(47.9)
Hepatic artery invasion/case (%) 1.405* 0.236
Continued
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Training set
Factors No pulmonary metastasis (136) | Pul y met: is (71) | Statistical values | p-values
No 75(55.1) 33(46.5)
Yes 61(44.9) 38(53.5)
Portal vein invasion/case (%) 0.085% 0.771
No 39(28.7) 19(26.8)
Yes 97(71.3) 52(73.2)
Exposure history to cattle and sheep /case (%) 9.754* 0.002
No 15(11.0) 20(28.2)
Yes 121(89.0) 51(71.8)
HBV five markers /case (%) 0.151° 0.698
Negative 48(35.3) 27(38.0)
Positive 88(64.7) 44(62.0)
Treatment methods/case (%) 13.0212 <0.001
Expectant treatment 66(48.5) 53(74.6)
Non-conservative treatment 70(51.5) 18(25.4)
Complications/case (%) 3.782% 0.052
No 129(94.9) 71(100.0)
Yes 7(5.1) 0(0.0)
Other organ metastases /case (%) 21.798* <0.001
No 129(94.9) 51(71.8)
Yes 7(5.1) 20(28.2)

Table 2. Univariate analysis of the association between imaging features, clinical indicators, and pulmonary

metastasis in patients with hepatic alveolar echinococcosis in the training set. *Indicates the chi-square

test; Pindicates the independent samples T-test. *Indicates that within the training set, only 38 patients with
pulmonary metastasis who underwent MRI examination were selected, and 46 patients without pulmonary
metastasis were randomly selected for comparative analysis.

Factors OR 95%Cl1  p-values
Age 1.023  0.995-1.051  0.109
Size 1.947  1.000-3.789  0.050 *
Cavity signs 0.383 0.178-0.824  0.014
Extent of hepatic involvement 1.097 0.511-2.353  0.812 +
Hepatic gate invasion 2.039  0.894-4.651  0.090 .
Enhancement status 0.320 0.151-0.681 0.003
Bile duct dilation 1.878  0.866-4.073  0.111 -
Exposure history to cattle and sheep 0.416 0.169-1.024  0.056 -
Treatment methods 0.477 0.216-1.056  0.068 -
Other organ metastases 6.695 2.367-18.934 <0.001 .
0 2 3 4 55 20

Odds Ratio(95%Cl)

Fig. 4. Multivariate analysis of the association between imaging features, clinical indicators, and lung
metastasis in patients with hepatic alveolar echinococcosis from the training set, along with the corresponding

forest plot.
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Fig. 5. Nomogram of the prediction model for pulmonary metastasis in patients with hepatic alveolar
echinococcosis, where the green line represents the 95% confidence interval.
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Fig. 6. (A) ROC curve for the training set; (B): ROC curve for the test set.

of pulmonary metastasis not only helps to prevent further deterioration of the disease but also provides a solid
basis for selecting the optimal treatment for patients, significantly improving their prognosis.

Notably, our study not only uncovered the critical role of lesion size and other organ metastases in promoting
pulmonary metastasis but also identified the cavity signs of the lesion and its enhancement as hindering
factors for pulmonary metastasis. This discovery provides a new perspective for us to understand the complex
mechanism of pulmonary metastasis more comprehensively.
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Fig. 7. (A) Calibration curve for the training set with a mean absolute error of 0.036; (B) Calibration curve for
the validation set with a mean absolute error of 0.042.
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Fig. 8. (A) Decision Curve Analysis curve for the training set; (B) Decision curve analysis curve for the
validation set.

HAE spreads indefinitely outward and invades surrounding tissues through exogenous budding proliferation?,
continuously generating new vesicles that grow into the tissue. The study by Graeter et al.® revealed that the
evolution of HAE typically goes through five stages: “an initial stage, progressive stage, advanced stage,
transitional stage, and regressive stage” During the transitional stage, degenerative changes gradually occur in
the center of the lesion, with internal coagulation and vascular occlusion leading to localized ischemic necrosis
and the appearance of cavity signs. At this point, the lesion has significantly decreased, and the possibility of
reactivation and exacerbation has also notably decreased. In the “transitional stage” AE cases we observed, the
cavity signs are often a product of necrotic lesions containing multiple degenerative microcysts and associated
immune infiltration and fibrosis. In their study of extrahepatic metastasis, Graeter et al.2! discovered that the
primary morphological types IV and V of liver lesions were not linked to any cases of distant extrahepatic
metastasis. On the contrary, varying degrees of distant extrahepatic metastasis were observed in types I-III, with
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type III being the most prominent, accounting for 22% of cases. Our study also found that patients exhibiting
cavity signs are less prone to pulmonary metastasis, indicating that these lesions gradually progress towards the
regressive stage and their activity has decreased considerably. This discovery coincides with the findings from
the research above, providing us with a method to roughly judge the progression of lesions by observing specific
imaging signs. Thus, we can promptly take effective treatment measures to reduce lesion activity, avoid the
occurrence of pulmonary metastasis, and improve patients’ prognosis.

HAE is mainly manifested as irregular, mixed density/signal solid or cystic masses in the liver on imaging?,
with no significant enhancement after contrast administration. Mild enhancement can be seen around some
lesions, and there is currently debate about the specific composition of this area. Some scholars believe it is an
active proliferative region of HAE?, while others consider it an inflammatory reaction zone®2. Our postoperative
pathological analysis showed that most cases were dominated by inflammatory granulation tissue, with only
a few showing scoleces. Therefore, we believe that the surrounding enhanced area is mainly composed of
inflammatory components, with only a tiny portion being the active area of HAE. Studies have shown that the
granulation tissue at the edge of HAE lesions is rich in various functional types of macrophages®, including
typical epithelioid cells, giant cells, and different types of T lymphocytes*!, among which the Th1-type immune
response of helper T cells has the potential to prevent larval proliferation. Wang et al.*> believe that the
surrounding strong fibrous inflammatory response partially restricts the proliferative capacity of parasite tissue.
They also suggest that dendritic cells (DCs) and macrophages (M@s) are among the first cells to come into
contact with parasites, and these cells can manage immune orientation, effectively controlling and inhibiting
parasite proliferation. The study by Liu et al.*® also confirmed that the prolonged inflammatory response caused
by HAE infection triggers the self-protection and repair mechanism of the liver microenvironment, leading to
massive proliferation and renewal of KCs and promoting the release of anti-inflammatory cytokines by M2-like
macrophages to resist the stimulation of AHE. In this study, we observed that the enhancement surrounding the
lesion impeded pulmonary metastasis. Based on the above studies, we speculate that various functional types of
macrophages in the inflammatory region around HAE lesions are essential in hindering pulmonary metastasis.
These findings provide a new perspective for us to understand the pathogenesis of HAE deeply and also offer
potential targets for future treatment strategies.

Nomograms are visual tools used to optimize statistical models*’. By skillfully integrating various predictors
and outcome variables, they provide us with an intuitive method for predicting event probabilities, thereby
meeting individualized healthcare needs. It has demonstrated broad application value in clinical practice®®.
This study delved into some relevant clinical and imaging information regarding pulmonary metastasis in HAE
patients and successfully identified independent predictors of pulmonary metastasis, including lesion size, other
organ metastases, cavity signs, and enhancement. Based on these independent influencing factors, a prediction
model for pulmonary metastasis was constructed and vividly presented as a nomogram. After rigorous training
on the training set and testing on the test set, the model has demonstrated excellent predictive performance. The
calibration curve further verifies the high agreement between the predicted values of the nomogram and the
actual values. Meanwhile, decision curve analysis also fully demonstrates the great value of this nomogram in
clinical practice. It can provide doctors with a noninvasive, quantitative, and convenient way to quickly identify
potential risk factors for pulmonary metastasis and then develop personalized treatment plans for patients to
maximize their benefits.

However, this study has some limitations: Firstly, it is a retrospective study, which may have some selection
bias. Secondly, the single-center nature of this study limits the broad application of the model. Further multi-
center studies are needed to validate its predictive performance and improve the model’s generality and
adaptability. Finally, limited by the sample size, the applicability of the results of this study in larger populations
still needs to be further validated. Therefore, we look forward to conducting more clinical studies on a larger
scale to improve and continuously validate this research’s findings.

Conclusion

In summary, this study successfully constructed a nomogram prediction model for pulmonary metastasis of
HAE based on lesion size, other organ metastases, cavity signs, and enhancement. It achieved early, accurate,
objective, noninvasive, and intuitive prediction of the risk of pulmonary metastasis in HAE patients, providing
clinicians with a deeper understanding of disease progression and a solid basis for selecting individualized
treatment plans for patients, thereby ensuring optimal prognostic outcomes.

Data availability
The datasets used and analyzed during the current study are available from the corresponding author on rea-
sonable request.
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