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Vision Language Models For X-Ray Report Generation

Key Challenges:

 Lacks Uncertainty: Models don’t
say "likely” or "possible".

* “Black Box” Reasoning: No clear
logic from finding to impression.

 Reduced Clinical Trust: Clinicians
can’t trust what they can’t
understand.
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Documenting Uncertainties in X-Ray Reports

Structural Uncertainty (Findings): “Pulmonary nodules in the
left upper lobe are also not completely characterized on this study.
However, in addition, there is a more hazy widespread opacity
projecting over the left mid upper lung which could be compatible
with a coinciding pneumonia.”

Semantic Uncertainty (Impression): “Increasing left lung opaci-
fication which may reflect pneumonia superimposed on metastatic
disease, although other etiologies such as lymphangitic pattern
of metastatic spread could be considered. CT may be helpful to
evaluate further if needed clinically.”

(a) Chest X-ray image (b) Corresponding uncertain expressions from the radiology report.
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CURV Framework

Stage 1

SFT uncertainty aware data
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aware SFT

output: bbox, label, uncertainty description
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System Prompt:
You are a medical expert tasked with
generating a detailed radiology report
based on the provided medical image.
Analyze the image carefully and
produce a structured report using the
following tagged sections: <findings>,
<thinking=>, and <impression>.
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Stage 3

Reference
Model

Format Reward: Ry (y) = 1 (Srun (%) A Nina(¥) = 1A Nipin(¥) = 1A Nimpe () = 1)
Uncertainty Accuracy Reward: R.. =0.7- Rg +0.3- Ry

Thinking Coherence Reward: Re(y) = J (£(T,), E(Fy) UE(L,))
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Stage 1: Uncertainty
Modeling

Stage 2: Reasoning
Initialization

Stage 3: RL with Multi-
component Rewards
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Stage 1: Uncertainty Modeling

* ConneCt unce rtalnty phrase to { "image": "cxr/02aa804e-bdeOafdd-112c0b34-7bc16630-
specific bounding boxes LA
{
* MOdeI Iearns to Identlfy reglons' ::f/raolume“"::':‘zliﬁ:grz;\nDetect all anotomical objects in the

. . image that most likely contain uncertainties and return their
aSSIgn d nat0m|ca I Ia bels) and locations in the form of coordinates along with their organ label
. and uncertainty descriptions in JSON format."
express appropriate structural ]
L] {
uncertainty "from":"gpt",
"value": "{\n"bbox_2d": [121, 104, 180, 162], “label” :
“left lower lung zone” , "uncertainty":"Bilateral nodular
Euncertainty — E log o (seq(Ygt) |I, p) opac}ities that most likely represent nipple shadows." "\n}"
(IapaYgt)ED ]

}
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Stage 2: Reasoning Initialization & TRACE-CXR Dataset

* TRACE-CXR: Novel dataset with 2,000
X-ray reports augmented with LLM-
generated explicit 'Thinking' sections

* Model fine-tuned to produce
structured tripartite output:
Findings - Observations from the X-ray
Thinking - Reasoning pathway

Impression - Clinical conclusions

2.

(I D, Ytructured ) € Dreason

log (Seq(Y;tructured) ’Ia p)‘

Jcreasonjng = -
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MIMIC-CXR Dataset
(Parsed & Cleaned)
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I[ Findings Hlmpression]:

LLM Prompt

Act as highly experienced
radiologist. Analyze Findings
and Impression. Generate a
step by step thinking section

Strong Alignment
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(LLM-based validation,
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<findings>

<thinking>

<thinking>

<impression>

<impression>

Final TRACE-CXR
\ (2,000 Reports)
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Stage 3: RL with Multi-Component Rewards

* Based on only <findings> and <impression> but not <thinking>
* Discover a better reasoning path guided by the reward signals.
* R¢me (Format Adherence): Ensures the tripartite structure.

* R, .. (Accuracy): Measures medical accuracy and uncertainty.
* R..» (Coherence): Rewards logical coherence.
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Experimental Setup & Datasets

* Model & Training: Qwen-2.5-VL-3B (3B parameters)
* Trained on 4xA100 GPUs (~100 hours)
e Batch size: 16, Learning rate: 1 X10-6
* Datasets:
* MIMIC-CXR base (227,835 reports)
* Uncertainty-annotated set (112,111 samples)
* TRACE-CXR reasoning set (2,000 samples)
 Evaluation:
» Text: BLEU-1/2/3/4, METEOR, ROUGE-L
* Clinical: CheXbert, RadGraph F1
* LLM-based: Reasoning & uncertainty scoring
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Per‘forma nce EvaluatiOﬂ Results on MIMIC-CXR dataset

Model BLEU2| BLEU3 | BLEU4| METEOR| ROUGEL | gritlm | chexbertf1|radgraphfl]
llava-1.5-7b 746 | 281 | 125 | 1916 | 1836 | 4425 3854 | 495
. llava-15-7b-sftoxr [ 15.06| 943 [ 613 [ 2571 | 2809 [ s028| s151 [ 13.06
CURV achieves state-of-the-art on —
. e ] Huatuo-GPT-Vision-78 | 9.42 | 464 | 193 | 2601 | 2078 | 4732 4862 | 9.06
generation a nd clinical metrics Maira2 1412 901 | 614 | 2678 | 2865 [ 4748 | 4653 [ 1705
Qwen2.5-VL-38 542 | 2.08 | 089 | 2081 | 1523 | 4457 [ 3766 | 4.6
gemini2.5-pro 520 | 225 | 105 | 2119 | 1501 | 4041 | 4845 | 771
.. CURV_stagel 708 | 333 | 161 | 2347 | 1907 | 4515 3075 | 995
CURV outperfo rms Gemini-2.5 pro CURV_stage2 522 | 243 | 110 | 1857 | 1459 | 4276 | 2683 | 6.03
CURV 15.58[ 9.85 [ 6.18 | 3043 [ 3119 | s048| 57.12 | 19.54
Results on IU X-ray dataset
CURV (3B) outperforms 7B-
mOd e IS Model BLEU2 | BLEU3| BLEU4| METEOR | ROUGEL | gritim | chexbertf1|radgraphfi]
llava-1.5-7b 660 | 3.00 | 140 | 1965 | 1748 | 4578 | 4681 | 876
llava-1.5-7b-sftox | 1295 | 803 | 520 | 2324 | 2640 | 4621 | 5333 | 1031
Huatuo-GPT-Vision-78 | 1070 | 6.28 | 2.81 | 3102 | 2342 | 5022 | 6707 | 1396
v . Maira2 1560 | 9.64 | 603 | 2552 | 3148 | 5418| 7075 | 2401
. OOD experiments on |U X-ray Qwen2.5-VL-38 505 | 228 | 1.05 | 2165 | 1501 | 4595 | 4947 [ 6.6
CURV._stagel 624 | 318 | 157 | 2364 | 1818 | 4676 | 4030 | 1213
CURV_stage2 532 | 275 | 127 | 1864 | 1393 | 4446 3367 | 7.8
CURV 18.76 | 12.08| 6.86 | 38.30 | 39.08 | 54.89| 7436 | 2565
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"Thinking” Quality ”Uncertainty” Modeling Quality
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Improvement on thinking and uncertainty modeling capabilities.
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Conclusion & Impact

* CURV generates more trustworthy X-Ray reports via Reasoning with
Uncertainty Awareness

* CURV 3B model outperforms other 7B models, proving effectiveness

* TRACE-CXR dataset will be released to the public

* Limitations
* Performance relying on the quality of the initial curated datasets
* Generalization to other medical imaging requires further investigation
* Alarge-scale clinical validation are still needed.
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Code and Dataset Contact Me on Telegram
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