Supplementary Material
Code:
1.import os
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
import warnings

from sklearn.model_selection import train_test_split
from sklearn.preprocessing import StandardScaler
from sklearn.feature_selection import VarianceThreshold
from sklearn.metrics import auc as sk_auc

from lifelines import CoxPHFitter

from sksurv.util import Surv
from sksurv.ensemble import RandomSurvivalForest
from sksurv.metrics import cumulative_dynamic_auc

warnings.filterwarnings("ignore", category=UserWarning)
warnings.filterwarnings("ignore", category=FutureWarning)

DATA_PATH = r"C:\Users\Bill'y\Desktop\新论文\原始数据\simulacrum_v2.1.0\data_processed\prostate_survival.csv"
OUT_DIR = r"C:\Users\Bill'y\Desktop\新论文\新建文件夹\fig_N15"
os.makedirs(OUT_DIR, exist_ok=True)

MAX_TRAIN = 8000
MAX_TEST = 5000


def load_and_prepare_data():
    print(f"Read data from: {DATA_PATH}")
    df = pd.read_csv(DATA_PATH)
    print("Raw shape:", df.shape)

    df = df[df["TIME_YEARS"] > 0].copy()

    time = df["TIME_YEARS"].astype(float).values
    event = df["EVENT"].astype(int).values

    drop_cols = [
        "TIME_YEARS", "TIME_DAYS", "EVENT",
        "TUMOURID", "PATIENTID",
        "VITALSTATUS", "VITALSTATUSDATE",
        "DIAGNOSISDATEBEST",
    ]
    X = df.drop(columns=[c for c in drop_cols if c in df.columns], errors="ignore")

    num_cols = X.select_dtypes(include=["int64", "float64"]).columns.tolist()
    cat_cols = X.select_dtypes(include=["object", "category"]).columns.tolist()

    if num_cols:
        X[num_cols] = X[num_cols].fillna(X[num_cols].median())
    if cat_cols:
        X[cat_cols] = X[cat_cols].fillna("MISSING")

    X = pd.get_dummies(X, columns=cat_cols, drop_first=True)

    vt = VarianceThreshold(threshold=0.0)
    X_var = vt.fit_transform(X)
    kept_cols = X.columns[vt.get_support()]
    n_removed = X.shape[1] - len(kept_cols)
    X = pd.DataFrame(X_var, columns=kept_cols)
    print(f"Removed {n_removed} zero-variance columns, remaining features:", X.shape[1])

    X_train, X_test, time_train, time_test, event_train, event_test = train_test_split(
        X, time, event,
        test_size=0.3,
        random_state=42,
        stratify=event
    )

    print("Train shape after split:", X_train.shape)
    print("Test shape after split:", X_test.shape)

    rng = np.random.RandomState(42)

    if X_train.shape[0] > MAX_TRAIN:
        idx_train = rng.choice(X_train.shape[0], size=MAX_TRAIN, replace=False)
        X_train = X_train.iloc[idx_train].reset_index(drop=True)
        time_train = time_train[idx_train]
        event_train = event_train[idx_train]
        print(f"Train down-sampled to {MAX_TRAIN} samples")

    if X_test.shape[0] > MAX_TEST:
        idx_test = rng.choice(X_test.shape[0], size=MAX_TEST, replace=False)
        X_test = X_test.iloc[idx_test].reset_index(drop=True)
        time_test = time_test[idx_test]
        event_test = event_test[idx_test]
        print(f"Test down-sampled to {MAX_TEST} samples")

    scaler = StandardScaler()
    X_train_scaled = scaler.fit_transform(X_train)
    X_test_scaled = scaler.transform(X_test)

    X_train_scaled = pd.DataFrame(X_train_scaled, columns=X_train.columns)
    X_test_scaled = pd.DataFrame(X_test_scaled, columns=X_test.columns)

    print("Final train shape:", X_train.shape)
    print("Final test shape:", X_test.shape)

    return (
        X_train, X_test,
        X_train_scaled, X_test_scaled,
        time_train, time_test,
        event_train, event_test
    )


def _select_cox_features(X_train, X_test, X_train_scaled, X_test_scaled, event_train):
    X_train_orig = X_train.copy()
    event_train_arr = np.asarray(event_train)

    var_series = X_train_orig.var()
    near_zero_cols = var_series[var_series < 1e-5].index.tolist()

    sep_cols = []
    for col in X_train_orig.columns:
        vals = X_train_orig[col].dropna().unique()
        if len(vals) <= 2:
            high_val = vals.max()
            mask_1 = X_train_orig[col] == high_val
            if mask_1.sum() == 0:
                continue
            events_of_ones = event_train_arr[mask_1]
            if np.all(events_of_ones == 0) or np.all(events_of_ones == 1):
                sep_cols.append(col)

    cols_to_drop = sorted(set(near_zero_cols + sep_cols))

    if cols_to_drop:
        print("Drop low-variance / separated columns for Cox:")
        print(cols_to_drop)
        X_train_scaled_cox = X_train_scaled.drop(columns=cols_to_drop, errors="ignore")
        X_test_scaled_cox = X_test_scaled.drop(columns=cols_to_drop, errors="ignore")
    else:
        X_train_scaled_cox = X_train_scaled.copy()
        X_test_scaled_cox = X_test_scaled.copy()

    print("Number of features used by Cox:", X_train_scaled_cox.shape[1])
    return X_train_scaled_cox, X_test_scaled_cox


def fit_models(X_train, X_test, X_train_scaled, X_test_scaled,
               time_train, time_test, event_train, event_test):

    X_train_scaled_cox, X_test_scaled_cox = _select_cox_features(
        X_train, X_test, X_train_scaled, X_test_scaled, event_train
    )

    df_train_cox = X_train_scaled_cox.copy()
    df_train_cox["TIME_YEARS"] = time_train
    df_train_cox["EVENT"] = event_train

    df_test_cox = X_test_scaled_cox.copy()
    df_test_cox["TIME_YEARS"] = time_test
    df_test_cox["EVENT"] = event_test

    cph = CoxPHFitter(penalizer=0.01)
    print("Fitting CoxPH...")
    cph.fit(df_train_cox, duration_col="TIME_YEARS", event_col="EVENT")

    risk_cox_train = cph.predict_partial_hazard(df_train_cox).values.ravel()
    risk_cox_test = cph.predict_partial_hazard(df_test_cox).values.ravel()

    print("Fitting RSF...")
    y_train_struct = Surv.from_arrays(event=event_train.astype(bool), time=time_train)
    y_test_struct = Surv.from_arrays(event=event_test.astype(bool), time=time_test)

    rsf = RandomSurvivalForest(
        n_estimators=300,
        max_depth=None,
        min_samples_split=10,
        min_samples_leaf=15,
        n_jobs=-1,
        random_state=42,
    )
    rsf.fit(X_train, y_train_struct)

    risk_rsf_train = rsf.predict(X_train)
    risk_rsf_test = rsf.predict(X_test)

    print("Fitting Hybrid-Cox...")
    X_train_hybrid = X_train_scaled_cox.copy()
    X_test_hybrid = X_test_scaled_cox.copy()
    X_train_hybrid["RSF_RISK"] = risk_rsf_train
    X_test_hybrid["RSF_RISK"] = risk_rsf_test

    df_train_hybrid = X_train_hybrid.copy()
    df_train_hybrid["TIME_YEARS"] = time_train
    df_train_hybrid["EVENT"] = event_train

    df_test_hybrid = X_test_hybrid.copy()
    df_test_hybrid["TIME_YEARS"] = time_test
    df_test_hybrid["EVENT"] = event_test

    cph_hybrid = CoxPHFitter(penalizer=0.01)
    cph_hybrid.fit(df_train_hybrid, duration_col="TIME_YEARS", event_col="EVENT")

    risk_hybrid_train = cph_hybrid.predict_partial_hazard(df_train_hybrid).values.ravel()
    risk_hybrid_test = cph_hybrid.predict_partial_hazard(df_test_hybrid).values.ravel()

    models = {
        "CoxPH": {
            "risk_train": risk_cox_train,
            "risk_test": risk_cox_test,
        },
        "RSF": {
            "risk_train": risk_rsf_train,
            "risk_test": risk_rsf_test,
        },
        "Hybrid-Cox": {
            "risk_train": risk_hybrid_train,
            "risk_test": risk_hybrid_test,
        }
    }

    return models, y_train_struct, y_test_struct


def _approximate_roc(risk_test, y_test_struct, t_horizon):
    time = y_test_struct["time"]
    event = y_test_struct["event"]

    y_true = np.logical_and(event, time <= t_horizon).astype(int)
    if y_true.sum() == 0:
        return np.array([0, 1]), np.array([0, 1])

    thresholds = np.quantile(risk_test, np.linspace(0, 1, 101))
    tpr_list, fpr_list = [], []

    for thr in thresholds:
        y_pred = (risk_test >= thr).astype(int)
        tp = np.sum((y_pred == 1) & (y_true == 1))
        fp = np.sum((y_pred == 1) & (y_true == 0))
        fn = np.sum((y_pred == 0) & (y_true == 1))
        tn = np.sum((y_pred == 0) & (y_true == 0))

        sens = tp / (tp + fn) if (tp + fn) > 0 else 0.0
        spec = tn / (tn + fp) if (tn + fp) > 0 else 0.0

        tpr_list.append(sens)
        fpr_list.append(1 - spec)

    return np.array(fpr_list), np.array(tpr_list)


def plot_time_dependent_roc(models, y_train_struct, y_test_struct, time_points):
    risk_train_cox = models["CoxPH"]["risk_train"]
    risk_test_cox = models["CoxPH"]["risk_test"]

    risk_train_rsf = models["RSF"]["risk_train"]
    risk_test_rsf = models["RSF"]["risk_test"]

    risk_train_hybrid = models["Hybrid-Cox"]["risk_train"]
    risk_test_hybrid = models["Hybrid-Cox"]["risk_test"]

    test_times = y_test_struct["time"]
    min_t = float(test_times.min())
    max_t = float(test_times.max())

    print(f"Test follow-up time range: [{min_t:.3f}, {max_t:.3f}) years")

    for t in time_points:
        t_display = float(t)

        t_eff = float(t)
        eps = 1e-6
        if t_eff <= min_t:
            t_eff = min_t + eps
        if t_eff >= max_t:
            t_eff = max_t - eps
        eval_times = np.array([t_eff], dtype=float)

        fpr_cox, tpr_cox = _approximate_roc(risk_test_cox, y_test_struct, t_eff)
        fpr_rsf, tpr_rsf = _approximate_roc(risk_test_rsf, y_test_struct, t_eff)
        fpr_hybrid, tpr_hybrid = _approximate_roc(risk_test_hybrid, y_test_struct, t_eff)

        try:
            _, auc_cox_arr = cumulative_dynamic_auc(
                y_train_struct, y_test_struct,
                risk_train_cox, risk_test_cox,
                eval_times
            )
            auc_cox_val = float(auc_cox_arr[0])
        except Exception as e:
            print(f"[WARN] cumulative_dynamic_auc(CoxPH, t={t_eff:.3f}) failed, use approximate AUC: {e}")
            auc_cox_val = sk_auc(fpr_cox, tpr_cox)

        try:
            _, auc_rsf_arr = cumulative_dynamic_auc(
                y_train_struct, y_test_struct,
                risk_train_rsf, risk_test_rsf,
                eval_times
            )
            auc_rsf_val = float(auc_rsf_arr[0])
        except Exception as e:
            print(f"[WARN] cumulative_dynamic_auc(RSF, t={t_eff:.3f}) failed, use approximate AUC: {e}")
            auc_rsf_val = sk_auc(fpr_rsf, tpr_rsf)

        try:
            _, auc_hybrid_arr = cumulative_dynamic_auc(
                y_train_struct, y_test_struct,
                risk_train_hybrid, risk_test_hybrid,
                eval_times
            )
            auc_hybrid_val = float(auc_hybrid_arr[0])
        except Exception as e:
            print(f"[WARN] cumulative_dynamic_auc(Hybrid-Cox, t={t_eff:.3f}) failed, use approximate AUC: {e}")
            auc_hybrid_val = sk_auc(fpr_hybrid, tpr_hybrid)

        plt.figure(figsize=(6, 6))
        plt.plot(fpr_cox, tpr_cox, label=f"CoxPH (AUC={auc_cox_val:.3f})")
        plt.plot(fpr_rsf, tpr_rsf, label=f"RSF (AUC={auc_rsf_val:.3f})")
        plt.plot(fpr_hybrid, tpr_hybrid, label=f"Hybrid-Cox (AUC={auc_hybrid_val:.3f})")

        plt.plot([0, 1], [0, 1], "k--", linewidth=1)
        plt.xlim(0, 1)
        plt.ylim(0, 1)
        plt.xlabel("False positive rate")
        plt.ylabel("True positive rate")
        plt.title(f"ROC at {t_display:.1f}-year")
        plt.legend(loc="lower right")
        plt.tight_layout()

        out_path = os.path.join(OUT_DIR, f"roc_3models_{t_display:.1f}yr.png")
        plt.savefig(out_path, dpi=300)
        plt.close()

        print(f"[{t_display:.1f} years] AUC — CoxPH: {auc_cox_val:.3f}, RSF: {auc_rsf_val:.3f}, Hybrid: {auc_hybrid_val:.3f}")
        print("Saved ROC figure:", out_path)


def main():
    (
        X_train, X_test,
        X_train_scaled, X_test_scaled,
        time_train, time_test,
        event_train, event_test
    ) = load_and_prepare_data()

    models, y_train_struct, y_test_struct = fit_models(
        X_train, X_test,
        X_train_scaled, X_test_scaled,
        time_train, time_test,
        event_train, event_test
    )

    time_points = [1.0, 3.0, 5.0]
    plot_time_dependent_roc(models, y_train_struct, y_test_struct, time_points)

    print("All ROC figures saved in:", OUT_DIR)


if __name__ == "__main__":
main()

2.import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

from lifelines import CoxPHFitter
from sksurv.ensemble import RandomSurvivalForest
from sksurv.util import Surv
from sklearn.model_selection import train_test_split
from sklearn.preprocessing import OneHotEncoder
from sklearn.metrics import roc_curve, auc


data_path = r"C:\Users\Bill'y\Desktop\新论文\原始数据\simulacrum_v2.1.0\data_processed\prostate_survival.csv"


def load_data(path):
    df = pd.read_csv(path)
    df = df[df["TIME_YEARS"] > 0].copy()

    feature_cols_cat = ["STAGE_BEST", "GRADE"]
    feature_cols_num = ["AGE"]

    X_cat = df[feature_cols_cat].astype("category")
    X_num = df[feature_cols_num].astype(float)

    try:
        ohe = OneHotEncoder(drop=None, sparse_output=False)
    except TypeError:
        ohe = OneHotEncoder(drop=None, sparse=False)

    X_cat_ohe = ohe.fit_transform(X_cat)
    cat_names = ohe.get_feature_names_out(feature_cols_cat)

    X_all = np.concatenate([X_num.values, X_cat_ohe], axis=1)
    feature_names = feature_cols_num + list(cat_names)

    time = df["TIME_YEARS"].astype(float).values
    event = df["EVENT"].astype(int).values

    return X_all, feature_names, time, event


def fit_models(X, time, event, feature_names, random_state=42):
    X_train, X_test, time_train, time_test, event_train, event_test = train_test_split(
        X, time, event, test_size=0.3, random_state=random_state, stratify=event
    )

    df_train_cox = pd.DataFrame(X_train, columns=feature_names)
    df_train_cox["TIME_YEARS"] = time_train
    df_train_cox["EVENT"] = event_train

    cph = CoxPHFitter(penalizer=0.01)
    cph.fit(df_train_cox, duration_col="TIME_YEARS", event_col="EVENT")

    df_test_cox = pd.DataFrame(X_test, columns=feature_names)
    risk_cox_train = cph.predict_partial_hazard(df_train_cox).values.reshape(-1)
    risk_cox_test = cph.predict_partial_hazard(df_test_cox).values.reshape(-1)

    y_train_struct = Surv.from_arrays(event_train.astype(bool), time_train)

    rsf = RandomSurvivalForest(
        n_estimators=100,
        max_depth=12,
        min_samples_split=50,
        min_samples_leaf=50,
        n_jobs=1,
        random_state=random_state,
    )
    rsf.fit(X_train, y_train_struct)

    risk_rsf_train = rsf.predict(X_train)
    risk_rsf_test = rsf.predict(X_test)

    df_train_hybrid = pd.DataFrame({
        "risk_cox": risk_cox_train,
        "risk_rsf": risk_rsf_train,
        "TIME_YEARS": time_train,
        "EVENT": event_train,
    })
    df_test_hybrid = pd.DataFrame({
        "risk_cox": risk_cox_test,
        "risk_rsf": risk_rsf_test,
    })

    cph_hybrid = CoxPHFitter(penalizer=0.01)
    cph_hybrid.fit(df_train_hybrid, duration_col="TIME_YEARS", event_col="EVENT")

    risk_hybrid_train = cph_hybrid.predict_partial_hazard(df_train_hybrid).values.reshape(-1)
    risk_hybrid_test = cph_hybrid.predict_partial_hazard(df_test_hybrid).values.reshape(-1)

    scores_test = {
        "CoxPH": risk_cox_test,
        "RSF": risk_rsf_test,
        "Hybrid-Cox": risk_hybrid_test,
    }

    return scores_test, time_test, event_test


def binary_outcome_for_time(time, event, t_year):
    time = np.asarray(time, dtype=float)
    event = np.asarray(event, dtype=int)

    keep_mask = (time >= t_year) | ((event == 1) & (time <= t_year))
    y_bin = ((event == 1) & (time <= t_year))[keep_mask].astype(int)
    return keep_mask, y_bin


def compute_roc_for_times(scores_dict, time_test, event_test, times_years):
    roc_results = {}

    for t in times_years:
        keep_mask, y_bin = binary_outcome_for_time(time_test, event_test, t)
        for model_name, scores in scores_dict.items():
            s = np.asarray(scores)[keep_mask]
            fpr, tpr, _ = roc_curve(y_bin, s)
            auc_val = auc(fpr, tpr)
            roc_results[(model_name, t)] = (fpr, tpr, auc_val)

    return roc_results


def plot_roc_3panels(roc_results, times_years, out_png="roc_3models_1x3.png"):
    plt.figure(figsize=(18, 6))
    models = ["CoxPH", "RSF", "Hybrid-Cox"]
    colors = {
        "CoxPH": "C0",
        "RSF": "C1",
        "Hybrid-Cox": "C2",
    }

    for i, t in enumerate(times_years):
        ax = plt.subplot(1, 3, i + 1)
        for m in models:
            fpr, tpr, auc_val = roc_results[(m, t)]
            ax.plot(fpr, tpr, label=f"{m} (AUC={auc_val:.3f})", color=colors[m])

        ax.plot([0, 1], [0, 1], "k--", linewidth=1)
        ax.set_title(f"ROC at {t:.1f}-year", fontsize=13)
        ax.set_xlabel("False positive rate", fontsize=11)
        if i == 0:
            ax.set_ylabel("True positive rate", fontsize=11)
        ax.set_xlim(0, 1)
        ax.set_ylim(0, 1)
        ax.grid(False)
        ax.legend(loc="lower right", fontsize=9)

    plt.tight_layout()
    plt.savefig(out_png, dpi=300, bbox_inches="tight")
    plt.show()


def main():
    X, feature_names, time, event = load_data(data_path)
    scores_test, time_test, event_test = fit_models(X, time, event, feature_names)

    times_years = [1.0, 3.0, 5.0]
    roc_results = compute_roc_for_times(scores_test, time_test, event_test, times_years)

    plot_roc_3panels(roc_results, times_years)


if __name__ == "__main__":
    main()


3.# -*- coding: utf-8 -*-
"""
N15_calib_5yr_3models_plus_KM_clean.py

(1) 5-year calibration curves for CoxPH, RSF, Hybrid-Cox
(2) Kaplan–Meier curves by Hybrid-Cox risk groups
"""

import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

from lifelines import CoxPHFitter, KaplanMeierFitter
from sksurv.ensemble import RandomSurvivalForest
from sksurv.util import Surv
from sklearn.model_selection import train_test_split
from sklearn.preprocessing import OneHotEncoder


data_path = r"C:\Users\Bill'y\Desktop\新论文\原始数据\simulacrum_v2.1.0\data_processed\prostate_survival.csv"


def filter_low_variance_for_cox(df, duration_col="TIME_YEARS", event_col="EVENT",
                                var_threshold=1e-4):

    covariate_cols = [c for c in df.columns if c not in [duration_col, event_col]]
    events = df[event_col].astype(bool)

    cols_to_drop = []
    for col in covariate_cols:
        v_all = float(df[col].var())
        v_evt = float(df.loc[events, col].var()) if events.any() else 0.0
        v_cen = float(df.loc[~events, col].var()) if (~events).any() else 0.0

        if (
            np.isnan(v_all)
            or v_all < var_threshold
            or v_evt < var_threshold
            or v_cen < var_threshold
        ):
            cols_to_drop.append(col)

    df_filtered = df.drop(columns=cols_to_drop)
    kept_covariates = [c for c in covariate_cols if c not in cols_to_drop]
    return df_filtered, kept_covariates


def load_data(path, max_n=None, random_state=42):

    df = pd.read_csv(path)
    df = df[df["TIME_YEARS"] > 0].copy()

    if max_n is not None and len(df) > max_n:
        from sklearn.model_selection import train_test_split as _tts
        df, _ = _tts(
            df,
            train_size=max_n,
            stratify=df["EVENT"],
            random_state=random_state,
        )

    feature_cols_cat = ["STAGE_BEST", "GRADE"]
    feature_cols_num = ["AGE"]

    X_cat = df[feature_cols_cat].astype("category")
    X_num = df[feature_cols_num].astype(float)

    try:
        ohe = OneHotEncoder(drop=None, sparse_output=False)
    except TypeError:
        ohe = OneHotEncoder(drop=None, sparse=False)

    X_cat_ohe = ohe.fit_transform(X_cat)
    cat_names = ohe.get_feature_names_out(feature_cols_cat)

    X_all = np.concatenate([X_num.values, X_cat_ohe], axis=1)
    feature_names = feature_cols_num + list(cat_names)

    time = df["TIME_YEARS"].astype(float).values
    event = df["EVENT"].astype(int).values

    return X_all, feature_names, time, event


def fit_models_for_calib(X, time, event, feature_names, random_state=42):

    X_train, X_test, time_train, time_test, event_train, event_test = train_test_split(
        X, time, event, test_size=0.3, random_state=random_state, stratify=event
    )

    df_train_cox = pd.DataFrame(X_train, columns=feature_names)
    df_train_cox["TIME_YEARS"] = time_train
    df_train_cox["EVENT"] = event_train

    df_train_cox_filtered, cox_covariates = filter_low_variance_for_cox(
        df_train_cox,
        duration_col="TIME_YEARS",
        event_col="EVENT",
    )

    df_test_cox = pd.DataFrame(X_test, columns=feature_names)[cox_covariates]

    cph = CoxPHFitter(penalizer=0.01)
    cph.fit(df_train_cox_filtered, duration_col="TIME_YEARS", event_col="EVENT")

    risk_cox_train = cph.predict_partial_hazard(
        df_train_cox_filtered.drop(columns=["TIME_YEARS", "EVENT"])
    ).values.reshape(-1)
    risk_cox_test = cph.predict_partial_hazard(df_test_cox).values.reshape(-1)

    y_train_struct = Surv.from_arrays(event_train.astype(bool), time_train)
    rsf = RandomSurvivalForest(
        n_estimators=100,
        max_depth=12,
        min_samples_split=50,
        min_samples_leaf=50,
        n_jobs=1,
        random_state=random_state,
    )
    rsf.fit(X_train, y_train_struct)

    risk_rsf_train = rsf.predict(X_train)
    risk_rsf_test = rsf.predict(X_test)

    df_train_hyb = pd.DataFrame({
        "risk_cox": risk_cox_train,
        "risk_rsf": risk_rsf_train,
        "TIME_YEARS": time_train,
        "EVENT": event_train,
    })
    df_test_hyb = pd.DataFrame({
        "risk_cox": risk_cox_test,
        "risk_rsf": risk_rsf_test,
    })

    df_train_hyb_filtered, hyb_covariates = filter_low_variance_for_cox(
        df_train_hyb,
        duration_col="TIME_YEARS",
        event_col="EVENT",
        var_threshold=1e-6,
    )
    df_test_hyb_filtered = df_test_hyb[hyb_covariates]

    cph_hyb = CoxPHFitter(penalizer=0.01)
    cph_hyb.fit(df_train_hyb_filtered, duration_col="TIME_YEARS", event_col="EVENT")

    models = {
        "CoxPH": cph,
        "RSF": rsf,
        "Hybrid-Cox": cph_hyb,
    }

    extras = {
        "X_test": X_test,
        "time_test": time_test,
        "event_test": event_test,
        "df_test_cox": df_test_cox,
        "df_test_hyb": df_test_hyb_filtered,
    }

    return models, extras


def get_predicted_5yr_risk(models, extras, t_year=5.0):

    X_test = extras["X_test"]
    df_test_cox = extras["df_test_cox"]
    df_test_hyb = extras["df_test_hyb"]

    risk_5 = {}

    surv_cox = models["CoxPH"].predict_survival_function(df_test_cox, times=[t_year])
    surv_cox_5 = np.asarray(surv_cox.T)[:, 0]
    risk_5["CoxPH"] = 1.0 - surv_cox_5

    surv_funcs_rsf = models["RSF"].predict_survival_function(X_test)
    surv_rsf_5 = np.array([fn(t_year) for fn in surv_funcs_rsf])
    risk_5["RSF"] = 1.0 - surv_rsf_5

    surv_hyb = models["Hybrid-Cox"].predict_survival_function(df_test_hyb, times=[t_year])
    surv_hyb_5 = np.asarray(surv_hyb.T)[:, 0]
    risk_5["Hybrid-Cox"] = 1.0 - surv_hyb_5

    return risk_5


def binary_outcome_for_time(time, event, t_year):

    time = np.asarray(time, dtype=float)
    event = np.asarray(event, dtype=int)

    keep_mask = (time >= t_year) | ((event == 1) & (time <= t_year))
    y_bin = ((event == 1) & (time <= t_year))[keep_mask].astype(int)

    return keep_mask, y_bin


def calibration_curve_by_bins(pred, y, n_bins=10):

    df_tmp = pd.DataFrame({"pred": pred, "y": y})
    df_tmp = df_tmp.sort_values("pred")
    df_tmp["bin"] = pd.qcut(df_tmp["pred"], q=n_bins, duplicates="drop")

    grp = df_tmp.groupby("bin")
    mean_pred = grp["pred"].mean().values
    obs_rate = grp["y"].mean().values

    return mean_pred, obs_rate


def plot_calibration_5yr(risk_5_dict, time_test, event_test,
                         t_year=5.0, n_bins=10,
                         out_png="calib_3models_5.0yr.png"):

    keep_mask, y_bin = binary_outcome_for_time(time_test, event_test, t_year)

    plt.figure(figsize=(6, 6))
    colors = {"CoxPH": "C0", "RSF": "C1", "Hybrid-Cox": "C2"}

    for name, pred_all in risk_5_dict.items():
        pred = np.asarray(pred_all)[keep_mask]
        mean_pred, obs_rate = calibration_curve_by_bins(pred, y_bin, n_bins=n_bins)
        plt.plot(mean_pred, obs_rate, marker="o", linestyle="-",
                 label=name, color=colors.get(name, None))

    plt.plot([0, 1], [0, 1], "k--", linewidth=1, label="Perfect")

    plt.xlabel("Predicted 5-year mortality risk")
    plt.ylabel("Observed 5-year event rate")
    plt.title("Calibration at 5-year")

    plt.xlim(0.1, 0.6)
    plt.ylim(0.1, 0.85)
    plt.legend(loc="upper left", frameon=False)
    plt.grid(False)

    plt.tight_layout()
    plt.savefig(out_png, dpi=600, bbox_inches="tight")
    plt.show()


def plot_km_hybrid_risk_groups(models, extras,
                               n_groups=3,
                               labels=("Low risk", "Intermediate risk", "High risk"),
                               out_png="km_hybrid_risk_groups.png"):

    time_test = extras["time_test"]
    event_test = extras["event_test"]
    df_test_hyb = extras["df_test_hyb"].copy()

    risk_score = models["Hybrid-Cox"].predict_partial_hazard(df_test_hyb).values.reshape(-1)

    df_tmp = pd.DataFrame({
        "time": time_test,
        "event": event_test,
        "risk": risk_score,
    })

    df_tmp["group"] = pd.qcut(df_tmp["risk"], q=n_groups, labels=labels)

    color_map = {
        "Low risk": "C0",
        "Intermediate risk": "C1",
        "High risk": "C2",
    }

    kmf = KaplanMeierFitter()
    plt.figure(figsize=(6, 6))

    for label in labels:
        mask = df_tmp["group"] == label
        kmf.fit(
            df_tmp.loc[mask, "time"],
            df_tmp.loc[mask, "event"],
            label=label
        )
        kmf.plot(ci_show=False, linewidth=2, color=color_map[label])

    plt.xlabel("Time (years)")
    plt.ylabel("Survival probability")
    plt.title("Kaplan–Meier curves by Hybrid-Cox risk group")

    plt.ylim(0, 1)
    plt.legend(loc="lower left", frameon=False)
    plt.grid(False)

    plt.tight_layout()
    plt.savefig(out_png, dpi=600, bbox_inches="tight")
    plt.show()


def main():

    X, feature_names, time, event = load_data(data_path, max_n=50000)

    models, extras = fit_models_for_calib(X, time, event, feature_names)

    risk_5_dict = get_predicted_5yr_risk(models, extras, t_year=5.0)

    plot_calibration_5yr(
        risk_5_dict,
        extras["time_test"],
        extras["event_test"],
        t_year=5.0,
        n_bins=10,
        out_png="calib_3models_5.0yr.png",
    )

    plot_km_hybrid_risk_groups(
        models,
        extras,
        n_groups=3,
        labels=("Low risk", "Intermediate risk", "High risk"),
        out_png="km_hybrid_risk_groups.png",
    )


if __name__ == "__main__":
    main()


4.# -*- coding: utf-8 -*-

import os
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

from sklearn.model_selection import train_test_split
from sklearn.inspection import permutation_importance

from sksurv.ensemble import RandomSurvivalForest
from sksurv.util import Surv
from sksurv.metrics import concordance_index_censored


FAST_MODE = True

DATA_PATH = r"C:\Users\Bill'y\Desktop\新论文\原始数据\simulacrum_v2.1.0\data_processed\prostate_survival.csv"
OUT_FIG  = "fig5_rsf_perm_importance.png"


def load_data(path):
    df = pd.read_csv(path)
    df = df[df["TIME_YEARS"] > 0].dropna(subset=["AGE", "STAGE_BEST", "GRADE", "TIME_YEARS", "EVENT"])

    X_num = df[["AGE"]]
    X_cat = pd.get_dummies(df[["STAGE_BEST", "GRADE"]].astype(str), prefix=["STAGE_BEST", "GRADE"], drop_first=False)

    X = pd.concat([X_num, X_cat], axis=1)
    feature_names = X.columns.tolist()

    time = df["TIME_YEARS"].astype(float).values
    event = df["EVENT"].astype(int).values
    return X, feature_names, time, event


def prettify(name):
    if name == "AGE":
        return "Age at diagnosis"

    if name.startswith("STAGE_BEST"):
        code = name.split("_", 2)[-1]
        if code in ["?", "U", "Unknown", "MISSING"]:
            return "Stage unknown"
        return f"Stage {code}"

    if name.startswith("GRADE"):
        code = name.split("_", 1)[-1]
        if code == "G":
            return "Unknown grade (G)"
        return f"Grade {code}"

    return name.replace("_", " ")


def make_y_struct(time_array, event_array):
    return np.array(list(zip(event_array.astype(bool), time_array.astype(float))),
                    dtype=[("event", "?"), ("time", "<f8")])


def rsf_cindex_scorer(estimator, X, y_struct):
    event = y_struct["event"]
    time = y_struct["time"]
    risk = estimator.predict(X)
    return concordance_index_censored(event, time, risk)[0]


def plot_importance(rsf, X_test, time_test, event_test, feature_names,
                    top_n=10, random_state=2025, out_fig=OUT_FIG, fast=FAST_MODE):

    if fast:
        n = X_test.shape[0]
        k = min(max(1000, int(n * 0.1)), 10000)
        rng = np.random.RandomState(random_state)
        idx = rng.choice(n, size=k, replace=False)
        X_test = X_test.iloc[idx]
        time_test = time_test[idx]
        event_test = event_test[idx]
        n_repeats = 3
    else:
        n_repeats = 10

    y_struct = make_y_struct(time_test, event_test)

    result = permutation_importance(
        rsf, X_test, y_struct,
        scoring=rsf_cindex_scorer,
        n_repeats=n_repeats,
        random_state=random_state,
        n_jobs=1
    )

    im = result.importances_mean
    idx_sorted = np.argsort(im)[::-1][:top_n]

    feats_internal = [feature_names[i] for i in idx_sorted]
    feats_display  = [prettify(f) for f in feats_internal]
    vals = im[idx_sorted]

    plt.figure(figsize=(8, 4))
    y_pos = np.arange(len(feats_display))

    plt.barh(y_pos, vals, align="center")
    plt.yticks(y_pos, feats_display)
    plt.gca().invert_yaxis()

    xmax = vals.max() if len(vals) > 0 else 0
    plt.xlim(0, xmax * 1.15)

    plt.xlabel("Permutation importance (decrease in C-index)")
    plt.title("Top-10 feature importance (Random Survival Forest, permutation)")

    plt.tight_layout()
    plt.savefig(out_fig, dpi=300)
    plt.close()

    print("Saved:", os.path.abspath(out_fig))


def main():
    X, feature_names, time, event = load_data(DATA_PATH)

    X_train, X_test, t_train, t_test, e_train, e_test = train_test_split(
        X, time, event, test_size=0.3, random_state=2025, stratify=event
    )

    y_train = Surv.from_arrays(e_train.astype(bool), t_train.astype(float))

    n_estimators = 100 if FAST_MODE else 300
    rsf = RandomSurvivalForest(
        n_estimators=n_estimators,
        min_samples_split=10,
        min_samples_leaf=15,
        max_features="sqrt",
        n_jobs=1,
        random_state=2025
    )

    rsf.fit(X_train, y_train)

    y_test_struct = Surv.from_arrays(e_test.astype(bool), t_test.astype(float))
    risk = rsf.predict(X_test)
    cindex = concordance_index_censored(y_test_struct["event"], y_test_struct["time"], risk)[0]
    print("Test C-index:", cindex)

    plot_importance(
        rsf, X_test, t_test, e_test, feature_names,
        top_n=10, random_state=2025, out_fig=OUT_FIG, fast=FAST_MODE
    )


if __name__ == "__main__":
    main()
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